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ABSTRACT 
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having devices is isolated by detecting for a faulty condition 
associated with the devices and identifying the device caus- 
ing the faulty condition. The devices are coupled to a bus. 
The faulty condition includes a bus hang condition. The 
devices are turned off when a bus hang condition is detected. 
The devices are then turned back on to test the devices. Each 
device is tested by writing and reading its configuration 
space. Information on the bus associated with the faulty 
condition is stored. The stored information is retrieved after 
the faulty condition has occurred, with the stored informa- 
tion including address, data, and bus control information. 
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METHOD AND APPARATUS FOR 
IDENTIFYING FAULTY DEVICES IN A 
COMPUTER SYSTEM 

BACKGROUND 

The invention relates to fault isolation. 

A computer system includes devices, which may fail 
without warning. Depending upon the type of failure and the 
particular device which failed, the computer system can 
respond in one of several ways. If the failure prevents the 
computer from functioning properly (such as a fan failure or 
a multi-bit uncorrectable data error), then a non-maskable 
interrupt (NMI) or system management interrupt (SMI) can 
be generated to shut the computer system down. If a 
correctable error occurred, such as a correctable single-bit 
data error, then the computer system can be notified of the 
failure but computer operation is not otherwise interrupted. 

SUMMARY 

In general, in one aspect, the invention features a com- 
puter system having devices, mass storage accessible by at 
least one of the devices, and a watcher for monitoring for a 
faulty condition. A fault isolation controller responsive to 
the faulty condition identifies the device causing the faulty 
condition. 

Certain implementations of the invention may include one 
or more of the following features. The fault isolation con- 
troller includes circuitry for turning off the devices when a 
faulty condition is detected and turns the devices back on to 
test the devices. The fault isolation controller is used to turn 
the devices back on and to test the devices one at a rime. The 
fault isolation controller is used to turn different combina- 
tions of devices back on and to test the devices until a faulty 
condition is detected, and the fault isolation controller 
further is used to turn off the devices which caused the faulty 
condition. The fault isolation controller is used to turn 
devices off by powering them off. The devices are coupled 
to a bus, and the faulty condition includes a bus hang 
condition. The watcher includes a bus timer to monitor the 
bus to detect the bus hang condition. The bus hang condition 
is present if the bus timer expires. The fault isolation 
controller is used to turn off the devices when the bus hang 
condition is detected and to turn the devices back on to test 
the devices. The fault isolation controller is used to test each 
device by writing and reading its configuration space. The 
faulty device is identified if the bus hang condition occurs 
when that device is tested. The fault isolation controller is 
used to test different combinations of devices until a bus 
hang condition is detected. The fault isolation controller is 
used to turn off the devices causing the bus hang condition. 
The watcher includes a storage device for storing informa- 
tion on the bus associated with the faulty condition. The fault 
isolation controller is used to retrieve the stored information 
after the faulty condition has occurred. The stored informa- 
tion includes address and data information or bus control 
information. The watcher places the bus in an idle state after 
the bus hang condition is detected. The bus is placed in the 
idle state by issuing a target abort transaction. 

In general, in another aspect, the invention features a 
method of isolating a faulty device in a computer system 
having multiple devices. A faulty condition associated with 
the device is detected. The device causing the faulty con- 
dition is then tested. 

Certain implementations of the invention may include one 
or more of the following features. The devices are turned off 
when a faulty condition is detected, and turned back on to 
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test the devices. The devices are turned back on and tested 
one at a time. Different combinations of devices are turned 
back on and tested until a faulty condition is detected, and 
the devices which caused the faulty condition are turned off. 

5 The devices are turned off by powering them off. The 
devices are coupled to a bus, and the faulty condition 
includes a bus hang condition. A bus timer monitors the bus 
to detect the bus hang condition. The bus hang condition is 
present if the bus timer expires. The devices are turned off 

10 when the bus hang condition is detected, and the devices are 
turned back on to test the devices. Each device is tested by 
writing and reading its configuration space. The faulty 
device is identified if the bus hang condition occurs when 
that device is tested. Different combinations of devices are 

15 tested until a bus hang condition is detected. The devices 
causes the bus hang condition are turned off. Information on 
the bus associated with the faulty condition are stored. The 
stored information is retrieved after the faulty condition has 
occurred. The stored information includes address and data 

20 information or bus control information. The bus is placed in 
an idle state after the bus hang condition is detected. The bus 
is placed in the idle state by issuing a target abort transac- 
tion. 

In general, in another aspect, the invention features an 
25 apparatus for isolating a faulty device in a computer system 
having multiple devices. A watcher monitors for a faulty 
condition associated with the devices. A fault isolation 
controller identifies the device causing the faulty condition. 

In general, in another aspect, the invention features a 
30 computer system having a bus, a watcher for detecting an 
illegal condition on the bus and a storage device for storing 
information on the bus associated with the illegal condition. 

Certain implementations of the invention may include one 
or more of the following features. The bus includes a PCI 
bus. The illegal condition occurs when a PCI signal 
TRDY_ STOP_, or DEVSEL_ is asserted during a bus 
idle condition. 

Advantages of the invention include one or more of the 
^ following. The bus device or devices causing the faulty 
condition can be isolated. Bus information stored can be 
retrieved by computer software to determine the state of the 
bus before the faulty condition. 

Other advantages and features will become apparent from 
45 the following description and from the claims. 

DESCRIPTION 

FIG. 1 is a block diagram of a computer system. 

FIG. 2 is a block diagram of an expansion box of the 
50 computer system of FIG. 1. 

FIG. 3 is a block diagram of the bridge chips in the 
computer system. 

FIG. 4 is a block diagram of a queue block in each of the 
bridge chips. 

FIG. 5 is a block diagram of the clock routing scheme in 
the bridge chips. 

FIG. 6 is a block diagram of a clock generator in each of 
the bridge chips. 
60 FIG. 7 is a block diagram of a master cable interface in 
each of the bridge chips for transmitting data over a cable 
connecting the bridge chips. 

FIG. 8 is a timing diagram of signals in the master cable 
interface. 

65 FIG. 9 is a block diagram of a slave cable interface in each 
of the bridge chips for receiving data transmitted over the 
cable. 
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FIG. 10 is a block diagram of logic generating input and FIG. 36 is a schematic diagram of circuitry of the expan- 

output pointers for the receiving logic in the slave cable sion box. 

interface. FIG. 37 is a flow diagram of a non-maskable interrupt 

FIG. 11 is a timing diagram of signals in the slave cable handler invoked in response to detection of a bus hang 

interface. 5 condition in the computer system. 

FIG. 12 is a timing diagram of the input and output FIG. 38 is a flow diagram of a BIOS routine that is 

pointers and their relation to the received cable data. invoked by a computer system lock-up event. 

FIG. 13 is a block diagram of the placement of flip flops FIG. 39 is a flow diagram of a BIOS isolate routine 

and input and output pads in each of the bridge chips. Q invoked in response to a bus-hang condition or the computer 

FIG. 14 is a table of the information carried by the cable. lock-up event. 

FIG. 15A is a table showing the type of information FIG. 40 is a block diagram of a bus watcher in each of the 

carried by the cable signals associated with single address badge chips. 

cycle transactions. FIG. 41 is a state diagram of logic in the bus watcher for 

FIG. 15B is a table showing the type of information 15 returning the bus to an idle state, 

carried by the cable signals associated with dual-address FIG. 42 is a logic diagram of status signals in the bus 

cycle transactions. watcher. 

FIG. 16 is a table of parameters associated with the cable. FIG. 43 is a logic diagram of bus history FIFOs and bus 

FIG. 17 is a logic diagram of an error detection and 2Q stale vector FIFOs in the fault isolation circuit, 

correction circuit. FIG. 44 is a logic diagram of circuitry for generating 

FIG. 18 is a parityHcheck matrix for generating check bits read Y signals for indicating when the bus history and state 

in the error detection and correction circuit. vector information are available. 

FIG. 19 is a syndrome table for generating fix bits in the FIG. 45 is a flow diagram of a routine for assigning a bus 

error detection and correction circuit. 25 number to a powered down or empty slot. 

FIG. 20A is a state diagram showing a round-robin FIG- 46 is a flow diagram of a routine for allocating 

arbitration scheme. memory space for the computer system. 

FIG. 20B is a state diagram showing a two-level arbitra- FIG. 47 is a flow diagram of a routine for allocating I/O 

tion scheme. space for the computer system. 

FIG. 21 is a logic diagram of an arbiter in each of the 30 FIG. 48 is a flow diagram of a routine for handling a 

bridge chips. recently powered up card. 

FIG. 22 is a state diagram of a grant state machine in an FIG. 49 is a block diagram of configuration space for a 

arbiter. PQ-PCI bridge circuit. 

FIG. 23 is a state diagram of a level one arbitration state 35 FIG. 50A is a block diagram of a computer system, 

machine in the arbiter. PIG 50B is a bus number assignment tree. 

FIG. 24 is a table showing generation of new grant signals FIG. 51 is a block diagram showing type 0 and type 1 

based on the current master. configuration transactions. 

FIG. 25 is a block diagram of logic for generating mask mG 52 fa a ^ snowing mapp ing of address from a 

bits and multi-threaded master indication bits. 40 primary bus to a secondary bus. 

m ?A 2 w A * a ^ diagram ° f drcUitS generatiDg ^ FIGS. 53A and 53B are a logic diagram of circuitry for 

masked bits. handling type 0 and type 1 configuration cycles. 

FIG 26B is a block diagram of a computer system with nG ^ ^ a block of fof storing 

m ipe ayerso uses. ^ information to allow calculation of bus performance param- 

FIG. 27A is a side view of an expansion card inserted into eters. 

a s * ot " FIG. 54B is a block diagram of prefetch counters. 

FIGS. 27B-C are schematic diagrams of lever circuitry. __ ... , ,. c 

™™ ~« , „ * „ , . „ FIG. 55 is a block diagram of a computer system. 

FIGS. 28-30 and 31A-E are schematic diagrams of _ , . , 

circuitry of the expansion box. so 56 * a block *<8™ of a PCI ^rb^aUon scheme. 

FIG. 32A is a state diagram from the circuitry of the FIG. 57 is a schematic diagram of a buffer flush logic 

expansion box. block. 

HG. 32B are waveforms from the circuitry of the expan- FIG. 58 is a schematic diagram of a cable decoder, 

sion box. FIGS. 59-62 are schematic diagrams of a posted memory 

FIG. 33A is a schematic diagram of circuitry of the 55 ^ q ueue » including control logic, 

expansion box. FIGS. 63-65 are schematic diagrams of a delayed request 

FIG. 33B are waveforms from the circuitry of the expan- queue, including control logic, 

sion box. FIGS. 66-69J? are schematic diagrams of a delayed 

FIGS. 33C-H are a state diagram from the circuitry of the completion queue, including control logic, 

expansion box. FIGS. 70-72, 73A-D, and 74 are schematic diagrams and 

FIG. 34 is a schematic diagram of circuitry of the expan- a table of a master cycle arbiter, 

sion box FIGS. 75, 76A-B, 77-80, 81A-C, 82A-B, 83, 84A-C, 

FIG. 35A is a state diagram from the circuitry of the and 85-87 are schematic and state transition diagrams of a 

expansion box. 65 queue-block-to-PCI-bus interface. 

FIG. 35B are waveforms from the circuitry of the expan- FIG. 88 is a schematic block diagram showing bus 

sion box. devices connected to an expansion bus. 
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FIG. 89 is a schematic block diagram showing circuitry to signals of the expansion box 30 and a register 80 for 

route interrupt requests. controlling connection and disconnection of slots 36 to the 

FIG. 90 is a schematic diagram of device select logic. PCI bus 32. 

FIGS. 91-94 are schematic block diagrams of registers. Referring to FIG. 3, the bridge chip is designed to be used 

HG. 95 is a graph showing waveforms for the computer 5 ^^^^f^^'^^i^^ 

primary PCI bus 24 and the secondary PCI bus 32. The 

^ . . programming model is that of two hierarchical bridges. To 

FIG. 96 is a schematic diagram of the multiplexing m e system software, me cable 28 appears as a PQ bus which 

circuitry. contains exactly one device, the downstream bridge chip 48. 

FIGS. 97A-D are schematic diagrams of the interrupt 10 This greatly simplifies the configuration of the 2-chip PCI- 

receiving block. PQ bridge joining the primary and secondary buses. The 

FIG. 98 is a schematic diagram of the interrupt output bridge chip 26, which is closer to the CPU 14, joins the 

block. primary PCI bus 24 to the cable 28. The second PCI-PCI 

FIG. 99 is a chart showing the time multiplexing of bridge 48 resides in the expansion box 30 and joins the cable 

interrupt request signals. 15 28 to the secondary PCI bus 32. A mode pin UPSTREAM_ 

FIG. 100 is a chart showing interrupt request mapping. ^ determines whether the bridge chip operates in the 

, , , upstream mode or the downstream mode. Some non-bridge 

FIG. 101 is a schematic block diagram showing bus such ^ a bus monitor 1Q6 and ^ plug ^ m M 

devices connected to an expansion bus. SIO 50 are used only in the expansion box 30, and are 

OVERVIEW 20 non-milcu °nal m tne upstream mode chip 26. 

A clock generator 102 in the bridge chip 26 generates 

In the ensuing description, all signal mnemonics followed clocks based on the clock PCICLK1 on the primary PCI bus 

or preceded by a or signify inverted logic 24, with one of the generated clocks being provided through 

states. the cable 28 to a clock generator 122 in the downstream 

As shown in FIG. 1, a computer system 10 includes a 25 bridge chip 48. The clock generator 122 generates and drives 

primary PCI bus 24 that is coupled to a bridge chip 26a and the PCI clocks in the expansion box 30 at the same fre- 

a bridge chip 262>, both of common design 26. The bridge quency of the primary PCI bus 24, which results in both 

chip 26a is coupled to a bridge chip 48a through a cable 31, bridge chips 26 and 48 being run at the same frequency. The 

and the bridge chip 26b is coupled to the bridge chip 48b downstream bridge chip 48 lags the upstream bridge chip 26 

through a cable 28. The bridge chips 48a and 48b are of 30 in phase by the delay of the cable 28. An asynchronous 

common design 48, which is common to design 26 except boundary in the upstream bridge chip 26 at the point where 

that design 26 is in an upstream mode and design 48 is in a data is taken off of the cable 28 allows the phase delay to be 

downstream mode. any value (and therefore the cable to be of any length), with 

The PCI bus 24 is interfaced to a local bus 22 through a 35 me onl y requirement only being that the frequency of the 

system controller/host bridge circuit 18. The system ^ bnd g e be me same * 

controller/host bridge circuit 18 also controls access to a The core logic of each bridge chip is the bridge logic 

system memory 20 which is also coupled to the local bus 22 block (100 or 120), which includes a PCI master (101 or 

along with the CPU 14 and a level two (L2) cache 16. 123) for acting as a master on the respective PCI bus, a PCI 

A Pa-Extended Industry Standard Architecture (EISA) 40 tar & et or slave < 103 or m > for 35 a slave device on 

bridge 15 interfaces the PQ bus 24 to an EISAbus 17. Both me respective PCI bus, configuration registers (105 or 125) 

a keyboard controller 21 and a Read Only Memory (ROM) whlch me configuration information of the corre- 

23 are coupled to the EISAbus 17. A non-volatile random spending bridge chip, and a queue block (107 or 127) 

access memory (NVRAM) 70 connected to the EISAbus 17 containing several queues in which data associated with 

stores information which should survive the computer sys- 45 transactions between the primary PCI bus and the secondary 

tern shutting off. An automatic server recovery timer 72 PCI bus 32 arc 1 ueued and managed. The data transferred 

monitors the computer system for inactivity. If the system between the upstream bridge chip 26 and the downstream 

locks up, the ASR timer 72 will expire after about 10 brid S e chi P 48 are buffered b X cable interfaces 104 and 130 

minutes. A keyboard 19 is monitored by the keyboard m me bnd S e chros 26 ^ respectively, 

controller 21 for detection of depressed keys. so Interrupt routing logic is also included in each bridge 

Referring to FIG. 2, the bridge chip 48a furnishes an chi P* ' rhm m 8 interrupts, 6 from the secondary bus slots, 

interface to a PCI bus 32a, and the bridge chip 48b ftirnishes 1 from ™ SI ° circuit ^ and 1 from me downstream bridge 

an interface to a PCI bus 326. The PCI buses 32* and 32b chi P 48 In me downstream chip 48, the interrupts are 

are located on two expansion boxes 30a and 306, of com- received by an interrupt receiving block 132 and sent up the 

mon design 30, and each expansion box 30 has six hot-plug 55 cable 28 » a stream in sequential time slices. In the 

slots 36 (36a-f) which are capable of receiving conventional upstream bridge chip 26, the interrupts are received by an 

expansion cards 807 (FIG. 27A). One slot 34 on the expan- interrupt output block 114, which routes the interrupts to an 

sion box receives a card 46 which has the bridge chip 26. interrupt controller. 

Each hot-plug slot 36 has associated switch circuitry 41 for The SIO circuit 50 furnishes control signals for lighting 

connecting and disconnecting the slot 36 to and from the PCI 60 LEDs, for controlling#rese^and for selectively connecting 

bus 32. Six mechanical levers 802 are used to selectively the slots 36 to the bus 32. It also includes logic for reading 

secure (when closed or latched) the cards 807 to correspond- the engagement status of the levers 802, and the status of the 

ing slots, as further described in U.S. patent application Ser. cards 807 in each slot 36. 

No. 08/688,385, entitled "Securing a Card in an Electronic The bridge circuit 26 also includes support for interrupts 

Device," filed on the same date as this application and 65 in the expansion box 30, and, when installed in a slot in the 

incorporated by reference. Each expansion box 30 includes host system with a proprietary interface to a multichannel 

registers 52 and 82 for monitoring the levers 802 and status interrupt controller, it sends the states of each interrupt in a 
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serial stream. The bridge circuit 26 also can be configured to 
drive standard PCI INTA, INTO, INTC, and INTO signals if 
it is installed in a standard slot in the host system. 

Each bridge chip also includes a PCI arbiter (116 or 124) 
for controlling access to up to seven bus masters. As the 
upstream bridge 26 is installed in a slot, the PCI arbiter 116 
in the upstream bridge chip 26 is disabled. Each bridge chip 
also includes an I 2 C controller (108 or 126) for communi- 
cation with devices such as EEPROMS, temperature 
sensors, and so forth, a JTAG master (110 or 128) for 
performing test cycles, a bus monitor (106 or 127) for 
measuring ^us utilization and efficiency .and the, efficiency of 
the bridge chip's prefetch algorithm, and a bus watcher (119 ~ ' 
or 129) for storing bus history and state vector information * , ; 
"aifd Tor ^notifying the CPU 14 of a bus hang conditions 15 
Certain blocks are disabled in each bridge chip as they are 
not used. In the upstream bridge chip 26, the bus watcher 
119, the SIO 118, the PCI arbiter 116, and the bus monitor 
106 are disabled. In addition, the interrupt receiving block 
112 in the upstream chip 26 and the interrupt output block 20 
134 in the downstream chip 48 are disabled. 

Queue Block Overview 

Referring to FIG. 4, the queue blocks 107 and 127 manage 
transactions flowing between the primary PCI bus 24 (in the 
upstream chip) or the secondary PCI bus 32 (in the down- 
stream chip) and the cable interface 130. (From here on, the 
downstream bridge chip will be referred to with the assump- 
tion that upstream chip works identically, unless otherwise 
noted). The queue block 127 includes a cable decoder 146 
that receives from the cable interface 130 transactions to be 
completed on the secondary PCI bus 32. After decoding a 
transaction, the decoder 146 places the transaction, along 
with all information included in the transaction, into one of 
three queues 140, 142, and 144. Each queue contains several 
transaction buffers, each of which stores a single transaction 
and therefore is able to handle several transactions simul- 
taneously. 

The first queue, a posted memory write queue (PMWQ) 
140, stores posted memory write cycles issued by the CPU 
on the primary bus along with all information required to 
execute each cycle on the secondary bus 32. The PMWQ 
140 has four transaction buffers, each of which holds one 
posted memory write transaction containing up to eight 
cache lines (256 bytes) of data. Under some circumstances, 
a posted memory write transaction having more than eight 
cache lines of data may overflow into one or more subse- 
quent buffers, as described below. 

The second queue, a delayed request queue (DRQ) 142, 
stores delayed request transactions (i.e., delayed read 
requests (DRR), such as memory read (MR), memory read 
line (MRL), and memory read multiple (MRM) requests; 
and, in the downstream chip, input/output (I/O) read/writes 
and configuration (config) read/writes) issued by the CPU on 
the primary bus along with all information required to 
execute each transaction on the secondary bus 32. The DRQ 
142 has three transaction buffers, each of which is capable 
of holding one double-word, or "dword", of data for delayed 
writes. 

The third queue, a delayed completion queue (DCQ) 144, 
stores delayed completion information provided by the 
upstream chip in response to delayed request transactions 
generated on the secondary bus 32. For a delayed read 



abort occurred). The delayed completion information 
returned for a delayed write transaction is the same as that 
returned for a delayed read request, except that no data is 
returned for delayed writes. Since I/O and config read/writes 
> occur only on the downstream bus, only the upstream DCQ 
will contain delayed completion information corresponding 
to one of these transactions. The DCQ 144 has eight 
completion buffers, each of which can hold up to eight cache 
lines of completion information for a single delayed request, 
o In addition to the completion information, each completion 
. buffer also contains a copy of the delayed request that 
^ generated the information. For delayed read transactions, a 
data "stream" can be established between the primary bus 24 
and the secondary bus 32 if the requesting device begins 
retrieving the requested data before the target device stops 
providing it to the DCQ 144. Under some circumstances, the 
DCQ 144 automatically will retrieve, or "prefetch," addi- 
tional data when a requesting device retrieves all of the 
requested data from the corresponding buffer in the DCQ 
144. Both streaming and automatic prefetching are dis- 
cussed in more detail below. 

A queue-to-PCI interface (QPIF) 148 manages transac- 
tions flowing from the queues 140, 142, and 144 to the PCI 
bus 32, and from the PCI bus 32 to the DCQ 144 and to the 
upstream chip through the cable interface 130. The QPIF 
148 enters a "master" mode to run posted memory write and 
delayed request transactions from the PMWQ 140 and the 
DRQ 142 on the secondary bus. For both posted memory 
write and delayed read transactions, the QPIF 148 can 
"promote" a transaction that may involve less than a cache 
line of data (i.e., a memory write (MW) or a memory read 
(MR) transaction) to one that requires one or more cache 
lines (i.e., a memory write and invalidate (MWI) transaction 
or a memory read line (MRL) or memory read multiple 
(MRM) transaction) if certain conditions are met. The QPIF 
148 also may convert a read transaction involving a single 
cache line of data (i.e., a MRL transaction) into one involv- 
ing several cache lines of data (i.e., a MRM transaction). The 
QPIF 148 also may "correct" a MRL or MRM transaction 
that begins in the middle of a cache line by reading the entire 
cache line and then throwing away the unrequested portion 
of the data. Transaction promotion and read correction, both 
of which are described in more detail below, improve system 
efficiency by reducing the time required to retrieve data from 
a memory device. 

The QPIF 148 enters a "slave" mode to provide data from 
the DCQ 144 to a requesting PCI device or to send trans- 
actions from the PCI bus 32 to the DCQ 144 and to the 
upstream chip through the cable. When the QPIF 148 
receives a posted write transaction from the bus 32, it 
forwards the transaction to the upstream chip if a corre- 
sponding one of a group of transaction counters 159 indicate 
that the PMWQ in the other bridge chip is not full, as 
discussed below. When the QPIF 148 receives a delayed 
request, it first forwards the request to the DCQ 144 to 
determine whether the transaction already has been placed in 
the DCQ and, if so, whether the corresponding delayed 
completion information has been relumed to the DCQ 144. 
If the delayed completion information is in the DCQ, the 
information is provided to the requesting device and the 
transaction is terminated. If the request already is enqueued 
but the delay completion information has not been returned, 
the requesting device is retried and the transaction is termi- 
nated on the PCI bus 32. If the transaction is not yet 
request, the corresponding completion information contains 65 enqueued, the DCQ 144 reserves a completion buffer for the 
the read data requested by the initiating device and the read transaction and the QPIF 148 forwards the transaction to the 
status (i.e., an indication of whether a parity error on target upstream chip through the cable interface 130, as long as the 
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corresponding transaction counter 159 indicates that the 
other bridge chip is not full. 

If the DCQ 144 determines that one of its buffers contains 
data intended for a requesting device but different than the 
data requested in the current transaction, the buffer may be 
flushed to prevent the requesting master from receiving stale 
data. The buffer is flushed when it contains prefetch data 
(i.e., data left in the buffer after the requesting device has 
retrieved some of the data, or data that was not specifically 
requested by the device), but is not flushed when it contains 
completion data (i.e., specifically requested by a device that 
has not yet returned to retrieve it). If the buffer contains 
completion data and the requesting device has issued a 
request that docs not "hit" the buffer, the DCQ 144 tags the 
device as a "multi-threaded" device (i.e., one that is capable 
of maintaining more than one transaction at once) and 
allocates another completion buffer for the new request. 

The buffer flushing and multiple buffer allocation 
schemes are described in more detail below. 

A master cycle arbiter (MCA) 150 in the queue block 127 
maintains standard ordering constraints between posted 
memory write, delayed request, and delayed completion 
transactions, as set forth in the PCI Bridge Architecture 
Specification, Version 2.1. These constraints require that bus 
cycles maintain strong write ordering and that deadlocks do 
not occur. Therefore, the MCA 150 determines the order in 
which posted memory write transactions in the PMWQ 140 
and delayed request transactions in the DRQ 142 are run on 
the PCI bus 32. The MCA 150 also controls the availability 
of delayed completion information stored in the DCQ 144. 
To ensure compliance with these rules, the downstream 
MCA 150 gives each posted memory write cycle an oppor- 
tunity to bypass earlier-issued delayed request cycles, while 
both the downstream and the upstream MCAs 150 do not 
allow delayed request and delayed completion cycles to 
bypass earlier-issued posted memory write cycles. Transac- 
tion ordering by the MCA 150 is described in more detail 
below. 

The transaction counters 159 in the downstream queue 
block 127 maintain a count of the number of transactions 
enqueued in the upstream bridge chip. A posted memory 
write (PMW) counter 160 indicates the number of PMW 
transactions held in the upstream posted memory write 
queue. The PMW counter 160 is incremented each time a 
PMW transaction is sent to the cable interface 130. The 
counter 160 is decremented each time the QPIF 148 receives 
a signal from the cable decoder 146 indicating that a PMW 
cycle has been completed on the upstream PCI bus 24. When 
the upstream PMWQ has enqueued the maximum number 
(four) of PMW transactions, the PMW counter 160 asserts a 
PMW full signal (tcjmw_jull) that tells the QPIF 148 to 
retry additional PMW cycles from the PCI bus 32. Likewise, 
a delayed request (DR) counter 161 counts the number of 
DR transactions held in the upstream delayed request queue. 
When the DRQ is holding the maximum number (three) of 55 
DR transactions, the DR counter 161 asserts a DR full signal 
(tc_dr_full) indicating that the QPIF 148 must retry all 
subsequent DR transactions from the PCI bus 32. A delayed 
completion (DC) counter 162 counts the number of delayed 
completions that are enqueued in the upstream master cycle 
arbiter. When the MCA is holding the maximum number 
(four) of delayed completions, the DC counter 162 asserts a 
DC full signal (tc_dc_full) that prevents the downstream 
QPIF 148 from running delayed request transactions on the 
secondary PCI bus 32. As soon as the full condition 
disappears, delayed completion information may be sent to 
downstream DCQ. 



A PCI interface block 152 resides between the PCI bus 32 
and the queue block 127. The PCI interface 152 includes a 
master block 123 and a slave (target) block 121. The slave 
block 121 allows PCI devices on the bus 32 to access the 
bridge chip's internal registers (e.g., target memory range 
registers 155 and configuration registers), to claim comple- 
tion information stored in the DCQ 144, and to initiate 
transactions that are passed through the QPIF 148 and the 
cable interface 130 to the primary bus. The slave block 121 
controls the availability of the PCI bus 32 to the PCI devices 
on the bus 32 by recognizing when each device asserts its 
REQ# line and forwarding the REQ# signals to the PCI 
arbiter 124. When the PCI arbiter 124 selects a requesting 
device to receive control of the bus, the slave block 121 
grants the bus to the device by asserting the device's GNT# 
line. As soon as the bus 32 is granted to the requesting device 
and the device asserts its FRAME# signal indicating the 
beginning of a transaction, the slave block 121 latches the 
transaction information (e.g., address, command, data, byte 
enables, parity, etc.) into a slave latching register 156. The 
queue block 127 then is able to retrieve the transaction 
information from the latching register 156 and provide it to 
the DCQ 144 and/or the cable interface 130. 

Transactions supported by the PCI slave block 121 are 
shown in the following table. 
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Transaction Type 



PCI Interface Slave Transactions 



Primary Interface Secondary Interface 



Interrupt Acknowledge 


Not supported 


Not supported 


Special Cycle 


Delayed 


Delayed 


I/O Read 


Delayed 


Delayed 


I/O Write 


Delayed 


Delayed 


Memory Read 


Delayed 


Delayed 


Memory Write 


Posted 


Posted 


Configuration Read 


Immediate 


Not supported 


(typeO) 






Configuration Write 


Immediate 


Not supported 


(typeO) 






Configuration Read 


Delayed 


Not supported 


(type 1) 






Configuration Write 


Delayed 


Not supported 


(typei) 






Memory Read Multiple 


Delayed (Streaming) 


Delayed (Streaming) 


Dual Address Cycle 


Not supported 


Immediate 


Memory Read Line 


Delayed 


Delayed 


Memory Write and 


Posted 


Posted 


Invalidate 







The master block 123 of the PCI interface 152 runs only 
cycles initiated by the queue block 127 (i.e., transactions 
held in the PMWQ 140 and DRQ 142). The queue block 127 
requests the PCI bus by sending a request signal (q2p _req) 
to the PCI master 123, which then determines whether to 
assert a corresponding request signal (blreq_) to the PCI 
arbiter 124. The master block 123 asserts blreq_ if the queue 
block 127 is not running a locked cycle and the PCI bus 32 
is not locked by another PCI device. When the PCI arbiter 
124 selects the queue block 127, the master block 123 sends 
an acknowledge signal (p2q_ack) to let the queue block 127 
know it has control of the bus 32. If the PCI arbiter 124 has 
no outstanding requests from other devices on the bus 32, 
the master block 123 automatically sends the p2q_ack grant 
signal to queue block 127, even if the queue block 127 has 
not asserted the q2p_req signal. As soon as the queue block 

127 wins arbitration (i.e., the arbiter 124 asserts the blgnt 

signal) and asserts its q2p__frame signal to indicate the 
beginning of a transaction, the PCI master 123 latches 
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outgoing transaction information (i.e., address, command, 
data, byte enables, parity, etc.) into a master latching register 
158 in the PCI interface 152. The transaction information 
then is used to complete the transaction on the PCI bus 32. 

Transactions supported by the master block 123 are 
shown in the following table. 



PCI Interface Master Transactions 



Transaction Type 


Primary Interface 


Secondary Interface 


Interrupt Acknowledge 


Not supported 


Not supported 


Special Cycle 


Supported 


Supported 


I/O Read 


Supported 


Supported 


I/O Write 


Supported 


Supported 


Memory Read 


Supported 


Supported 


Memory Write 


Supported 


Supported 


Configuration Read 


Not Supported 


Supported 


Configuration write 


Not Supported 


Supported 


Memory Read Multiple 


Supported 


Supported 


Dual Address Cycle 


Supported 


Not Supported 


Memory Read line 


Supported 


Supported 


Memory Write and 


Supported 


Supported 


Invalidate 







10 
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cycle occurs or after an I/O write (iowr) cycle occurs or a 
memory write (memwr) cycle hits a downstream target 

(hit__tmem) during a command check state (cmd chLst). 

Gates 2014, 2016, 2018, and 2020, and flip-flop 2022 are 
arranged to produce p2q_flush in this way. 

In the upstream bridge chip (i.e., when the upstream_ 
chip__i signal is asserted), p2q_slot[2:0] always has a value 
of "001" since the CPU is the only master on the primary 
PCI bus. In the downstream chip, the value of p2q_slot 
depends upon whether the cycle leading to a flush condition 
is a cycle from the secondary bus 32 to the queue block 127 
(i.e., if p2q qcyc is asserted). If the p2q qcyc signal is 
asserted, p2q_slot[2:0] takes on the value of the req_sIot 
[2:0] signal produced by the PCI slave 121. The req__slot 
[2:0] signal indicates which of the seven devices on the 
secondary PCI bus 32 has been granted control of the bus 32. 
The PCI slave 121 generates the req_slot[2:0] signal by 
latching the value of the GNT# line for each of the seven 
slots on the bus 32 to form a seven bit latched grant signal 
(latched_gnt_[7:l]; the eighth grant line, which belongs to 
the queue block, is ignored) and encoding latched_gnt[7:l] 
according to look-up table 2006, as follows. 



In general, the master block 123 operates as a standard 
PCI master. However, unlike standard PCI bridges, the 
master block will not terminate a MRL, MRM, or MWI 
transaction until a cache line boundary is reached, even after 
the master latency timer (MLT) expires. Also, the master 
block 123 does not assert "initiator ready" (IRDY) wait 
states. The master block 123 runs a locked cycle on the PCI 
bus 32 if the queue block 127 asserts its "lock" signal 
(q2p_Jock) and releases its lock on the bus 32 when the 
queue block 127 asserts its "unlock" signal (q2p_unlock). 

Referring also to FIG. 57, the PCI interface 152 contains 
buffer flushing logic 154 that determines when one or all of 
the DCQ completion buffers should be flushed by the queue 
block 127. The PCI slave 121 generates two signals that are 
used by the queue block 127 to flush the completion buffers: 
a flush signal (p2q__flush) that indicates when a buffer 
should be flushed, and a slot selection signal (p2q_slot[2:0]) 
that indicates which PCI device (i.e., which slot on the PCI 
bus) should have data flushed. The following table shows the 
relationship between p2q_slot[2:0] and the PCI slot num- 
ber. 



Creation of p2_slotf2:0l 



p2q_slot(2:0] slot number 



000 


all 


001 


1 


010 


2 


011 


3 


100 


4 


101 


5 


110 


6 


111 


7 



When p2q_flush is asserted, the queue block 127 will 
flush either all of the completion buffers in the DCQ 144 if 
p2q_slot[2:0] is equal to "000" or the corresponding one of 
the eight completion buffers if p2q_slot[2:0] has any other 
value. The queue block 127 keeps track of which completion 
buffers, if any, correspond to each PCI slot at any given time. 

The p2q flush signal is asserted at the rising edge of the 

first PCI clock (CLK) cycle after a config write (wr_cfg) 



25 

Creation of req_slotf2:0l 



latched _gnt_j7:l] req_slot[2:0] 



30 



35 



1111111 


000 


1111110 


001 


1111101 


010 


1111011 


011 


1110111 


100 


1101111 


101 


1011111 


110 


0111111 


111 



If the cycle leading to the flush is not a secondary-PCI- 
to-queue-block cycle, it must be an I/O read or config read 
to the target memory range of one of the slots on the 

40 secondary bus 32. When the cycle is an I/O read or config 
read (i.e., ! iowr AND !wr_cfg), p2q_slot[2:0] takes on the 
value of the PCI slot whose memory range has been hit 
(mrange_slot[2:0]). Otherwise, the cycle is an I/O write or 
a config write, and p2q__slot[2:©] is set equal to "000" so 

45 that all completion buffers are flushed. Gates 2008 and 2010 
and multiplexers 2002 and 2004 are arranged to generate 
p2q__flush[2:0] in this way. 

Cable Decoder 

50 Referring to FIG. 58, the cable decoder 146 receives 
transactions from the cable interface and selects the appro- 
priate queue to receive each transaction. When the cable 
decoder is in the data phase (i.e., when data_phase or 
next_data_phase, an asynchronous signal that sets the 

55 value of data phase at the next CLK cycle, is asserted), the 
cable decoder 146 looks at the command code (cd_cmd 
[3:0]) sent across the cable to determine which queue should 
receive the transaction. As shown in the table below, when 
cd_cmd[3:0] has a value of "1001", the transaction is a 

60 delayed completion, so the cable decoder asserts a cd_dcq_ 
select signal that tells the DCQ to claim the transaction. 
When the three LSB of the command code signal (cd_cmd 
[2:0]) are "111", the transaction is a posted memory write, 
so the cable decoder generates a cd__pmwq_select signal to 

65 alert the PMWQ of the incoming transaction. When the 
transaction is neither a posted memory write nor a delayed 
completion and the command code does not represent a 
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streaming signal, the cable decoder asserts a cd_drq_select 
signal that tells the DRQ to claim the transaction. Gates 
2024, 2026, 2028, and 2030 are configured to generate the 
cd dcq_select, cd_pmwq select, and cd drq select sig- 
nals in this way. 5 

The following table shows the four bit command codes 
associated with each type of transaction. 



Transaction Command Codes 



Transaction Type Command Code 



I/O Read 


0010 


I/O Write 


0011 


Config read 


1010 


Config write 


1011 


Memory read 


0110 


MRL 


1110 


MRM 


1100 


Memory write 


0111 


MWI 


1111 


Delayed completion 


1001 


Stream established 


1000 



20 



When the downstream bridge chip has established a data 25 
stream between the primary bus and a secondary bus master, 
the upstream cable decoder receives a command code of 
"1000". This code represents a streaming signal generated 
by the downstream chip to inform the upstream chip that a 
stream has been established. When the cable decoder 30 
receives this command code, it asserts a cd__stream signal 
that tells the QPIF in the upstream device to continue the 
transaction. The cable decoder also generates a cd_stream_ 
next_data signal that instructs the upstream chip to provide 
another piece of data to the secondary bus. The cd_stream_ 35 
next__data signal is asserted when cd__stream signal is 
asserted, the transaction is in the data phase (i.e., data_ 

phase is asserted), and a next data signal has been received 

from the downstream chip through the cable interface (the 
next_data signal appears on one of the lines of the c2q 40 
bufl[3:0] signal, which, when no stream is occurring, tells 
the queue block which downstream DCQ buffer is associ- 
ated with the current transaction). The cd_stream_next_ 
data signal is deasserted when either the cd__stream signal is 
deasserted or when a new request is received from the cable 45 
interface (i.e., c2q_new_req is asserted). Gates 2032 and 

2034 are configured to generate the cd stream and 

cd_stream_next_data signals in this way. 

Posted Memory Write Queue 50 

Referring to FIG. 59, the posted memory write queue 
(PMWQ) 140 is a storage element that contains all of the 
command information needed to execute posted write trans- 
actions on the target bus. The PMWQ includes a tag memory 55 
portion 2036 that holds information identifying each 
transaction, a data RAM 2038 that holds the write data 
associated with each transaction in the PMWQ, and various 
control blocks to manage the flow of transactions into and 
out of the PMWQ. For each transaction in the PMWQ, the 60 
tag memory 2036 maintains information such as the address 
to be written to, the PCI command code (MW or MWI), an 
address parity bit, and "locked cycle" and "dual address 
cycle" indication bits, as shown in the following table. The 
tag memory 2036 also stores a pointer to the data RAM 65 
location of the data corresponding to each of the transactions 
in the PMWQ. 
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Contents of PMWQ 



Field Bits Comments 



Address 


64 


Upstream Transactions support Dual 






Address Cycles 


PCI Command 


1 


Memory Write 0111 






Memory Write and Invalidate 1111 






(only necessary to store cbe [3D 


Byte Enables 


0 


Store BEs on every valid transfer 




clock in the data RAM. 


Parity 


1/address 


Must store PAR with each transfer 




along with 32-bit addr/data. . 




0 


Must store data parity bits on every 






valid data transfer in data RAM. 


Data 


0 


Stored in data RAM up to 8 cache lines 


Lock 


1 


DAC Indication 


1 


Indicates whether address is 32 or 64 






bits 



Because the PCI Spec 2.1 requires posted memory write 
transactions to be executed in the order in which they are 
received, the tag memory 2036 is a circular FIFO device. 
The PMWQ, and therefore the tag memory 2036, can handle 
up to four posted memory write transactions simultaneously. 

The data RAM 2038 includes four data buffers 2042, 
2044, 2046, and 2048, one for each transaction in the 
PMWQ. Each buffer can store up to eight cache lines, or 256 
bytes, of data (eight words per cache line). For each cache 
line in a buffer, the buffer stores eight data parity bits 2040 
(one per dword) and thirty-two enable bits 2050 (one per 
byte). 

A cable interface block 2060 receives each transaction 
and the corresponding data from the cable decoder and 
places the transaction in the tag memory 2036. A queue 
interface block 2053 receives the data from the cable inter- 
face block 2060 and places it in the appropriate location in 
the data RAM 2038. The queue interface 2053 also retrieves 
data from the data RAM 2038 and provides it to the QPIF 
when the QPIF is running the corresponding transaction on 
the PCI bus. An input pointer logic block 2054 generates 
four input pointers, one for each buffer, that tell the queue 
interface 2053 where to place the next word of data. A valid 
(output) pointer block 2056 generates four output pointers, 
one for each buffer, that indicate the position of the next 
word to be taken. 

Referring also to FIG. 60, a valid flag logic block 2052 
maintains an eight bit valid line register 2062 for each of the 
four buffers in the data RAM 2038. The valid line register 
2062 indicates which of the eight cache lines in each buffer 
contain valid data. When the last word in a cache line has 
been filled with data (i.e., valid_pointer[2:0] equals "111" 
and cd_next_data is asserted, indicating that the word has 
been filled), the corresponding bit in an eight bit cable valid 
signal (i.e., q0_cable„valid[7:0], qL_cable_valid[7:0], 
etc.) is set. Hie bit to be set is determined by the three most 
significant bits of the valid pointer (valid_pointer[5:3]), 
which indicate the cache line being filled. The corresponding 
bit in the cable valid signal also is set when a slot validation 
signal (validate_slot) is received from the cable decoder at 
the end of a transaction. The cable valid signal is latched into 
the valid line register 2062 corresponding to the selected 
data buffer at the rising edge of the first PCI clock cycle 
(CLK) after the last word is filled or the validate_slot signal 
is received. Otherwise, the valid line register maintains its 
current value. The bits in the valid line registers 2062 are 
cleared when the corresponding bits of an eight bit invali- 
date signal (i.e., qO _Jnvalid[7:0], ql_Jnvatid[7:0], etc.) is 
asserted. 
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Hie valid flag logic block 2052 generates a pmwq_valid 
[3:0] signal that indicates which, if any, of the four data 
buffers contains at least one valid line of data. The valid 
block 2052 also generates a pmwq_valid_lines[7:0] signal 
that indicates which of the eight cache lines of a selected 
data buffer are valid. A queue select signal from the QPIF 
(q2piL_queue_select[l:0]) is used to select which data 
buffer's valid line register 2062 is used to generate the 
pmwq_valid_lines[7:0] signal. When the queue block 
gains control of the bus to run a posted memory write cycle 
from a selected data buffer, the queue block transfers all data 

in each line whose corresponding bit is set in the pmwq 

valid_Unes[7:0] signal. Gates 2064, 2066, 2068, 2070, and 
2072, and flip-flop 2074 are arranged to set the values in the 
valid line register 2062 for the first data buffer (q0_valid 
[7:0]). Similar circuitry determines the contents of the valid 
registers for the other three data buffers. Multiplexer 2076 
selects the value of the pmwq_valid_lines[7:0] signal. 

Referring now to FIG. 61, a full line logic block 2058 
maintains an eight bit full line register 2078 for each of the 
four data buffers. The contents of each full line register 2078 
indicate which of the eight cache lines in the corresponding 
data buffer are full. The bits in each full line register 2078 
are set by an asynchronous next_fulLJine__bit signal gen- 
erated by full line state machine 2080, described below. 
When a queue selection signal from the QPIF (select__nexL_ 
queue[3:0]) selects one of the data buffers and the next__ 
full_line_bit signal is asserted, the bit in the full line 
register 2078 corresponding to the cache line indicated by 
the three most significant bits of the valid pointer (valid_ 
pointer[5:3]) is set. A 3x8 decoder 2082 converts the three 
bit valid pointer into an eight bit signal that determines 
which bit to set. An eight bit full line signal (qO__full_Jine) 
is generated for each data buffer from the contents of the 
corresponding full line register 2078. The full line signal 
indicates which lines in the corresponding data buffer are 

full. The full line logic block 2058 also generates a pmwq 

full_line[7:0] signal that indicates which cache lines of a 
selected data buffer are full. Multiplexer 2084 and the 
q2pif__queue_select[l:0] signal are used to generate the 
pmwq_full_line[7:0] signal. 

Referring also to FIG. 62, the full line state machine 2080 
is placed in an IDLE state 2086 at reset. In the IDLE state 
2086, the next full line_bit is set to zero. When a trans- 
action is placed in the PMWQ, the transaction occurs in two 
phases, an address phase and a data phase. When the data 
phase begins (i.e., a clock_second_phase signal is asserted) 
and the valid pointer points to the first word in a cache line 
(valid_4>ointer[2:0]=»"00(r), the state machine 2080 transi- 
tions to a DATA state 2088. In the data state, the next_ 

full_line bit signal is asserted only if the valid pointer 

points to the last word in the cache line (valid__pointer[2:©]= 
"111"), the cd_jiext_data signal is asserted by the cable 
decoder (indicating that the last word was filled with data), 
and the byte enable signal from the cable decoder (cd_ 
byte_en[3:0]) equals "0000". The state machine also tran- 
sitions back to the IDLE state 2086 when these conditions 
occur. If these conditions do not occur before the transaction 
terminates (i.e., cd_complcte is asserted), the next_full_ 
linc_bit signal remains dcasserted and the state machine 
2080 transitions back to the IDLE state 2086. The state 
machine 2080 also transitions to the IDLE state 2086 
without asserting the next_full_Jine__bit signal when the 
cd__byte_en[3:0] signal takes on a value other than "0000". 

Referring again to FIG. 59 and also to FIG. 63, the 
PMWQ normally must terminate a transaction from the 
cable decoder when the data buffer receiving the corre- 



sponding data is full. However, when the cable decoder 
continues to send data after the buffer is full, an overflow 
logic block 2090 allows the data to overflow into the next 
empty buffer. The overflow logic block 2090 maintains an 

5 overflow register 2092 that indicates which, if any, of the 
four data buffers are being used as overflow buffers. The 
contents of the overflow register 2092 are used to produce a 
four bit overflow signal (pmwq_overflow[3:0]). When the 
transaction is in the data phase (i.e., data__phase is asserted), 

10 the valid pointer reaches the last word of a data buffer (i.e., 
valid_pointer[5:0]="llllll"), the cable decoder indicates 
that more data is coming (i.e., cd__next_data is asserted), 1 
and the cable decoder has not indicated that the transaction 
is complete (i.e., cd__complete is not asserted), the select 

15 next_queue[3:0] signal, which points to the recently filled 
data buffer, is used to set the overflow register bit corre- 
sponding to the next data buffer. If the conditions are not 
met, the overflow bit is cleared. Gates 2094 and 2095 are 
used in conjunction with the select_jaext_queue[3:0] signal 

20 to set and clear the appropriate overflow register bits when 
these conditions are met. 

A single transaction may continue to overflow into addi- 
tional buffers until the last unused buffer is full. If more than 
one buffer is used as an overflow buffer, multiple overflow 

25 register bits will be set. Consecutive set bits in the overflow 
register indicate that a single transaction has overflowed into 
more than one buffer. The overflow bits are either set or 
cleared when the posted write transaction is placed into the 
PMWQ. Also, if the QPIF begins to run the PMW transac- 

30 tion on the target bus and empty the original buffer while the 
data is still entering the PMWQ, the original buffer may be 
reused to continue the overflow transaction. The overflow 
can continue until all of the available buffers are full. 



35 



Delayed Request Queue 



Referring to FIG. 64, the DRQ 142 stores all of the 
information needed to complete delayed read request (DRR) 
and delayed write request (DWR) transactions on the target 

40 bus. The DRQ includes a queue memory 2100 that holds 
information such as the address to be read from or written to, 
the PCI command code, byte enables, address and data 
parity bits, "locked cycle" and "dual address cycle" indica- 
tion bits, and the buffer number of the delayed completion 

45 buffer reserved in the initiating bridge chip for the comple- 
tion information. The queue memory 2100 also holds up to 
thirty-two bits (one word) of data to be written to the target 
bus in a delayed write cycle. Because delayed write cycles 
never involve more than one word of data, no data RAM is 

50 needed in the DRQ. The DRQ, and therefore the queue 
memory 2100, is capable of holding up to three delayed 
request transactions at once. A cable interface block 2102 
claims delayed request transactions from the cable decoder 
and places them into the queue memory 2100. The following 

55 table shows the information maintained in the DRQ queue 
memory. 
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Contents of DRQ 



Field 



Bits 



Comments 



Address 64 Upstream Transactions support Dual 

Address Cycles 
PCI Command 4 I/O Read 

65 I/O Write 

Config Read 
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-continued 
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Contents of DRQ 



Field 


Bits 


Comments 






Cbnfig Write 






Memory Read 






Memory Read Line 






Memory Read Multiple 


Byte Enables 


4 


Byte Enables not necessary on MRL, 




MRM 


Parity 


1/address 






1/data transfer 


Send data par with delayed write 
transactions 


Data 


32 


Data queued on delayed write 
transactions. 


Lock 


1 




DAC 


1 


Indicates whether address is 32 or 


Indication 




64 bits 


Buff Num 


3 


Indicates DCQ buffer allocated for 
completion data 



10 



15 



25 



30 



35 



Referring also to FIG. 65, a valid flag logic block 2104 
determines when the DRQ has received all of the informa- 
tion necessary to run the transactions in the queue memory 
2100. When one of the DRQ slots is selected by a corre- 
sponding slot select signal (i.e., select__zero for the first slot, 
select_one for the second slot, and select_two for the third 
slot) and the slot is validated by a validate__slot signal, 
indicating that the cable decoder has finished delivering the 
transaction to the DRQ, a valid signal corresponding to the 
slot (i.e., q0_valid, ql_valid, or q2__valid) is asserted at the 
rising edge of the next PCI clock (CLK) cycle. If a slot is not 
selected and validated by the validate_slot signal, the slot's 
valid signal is deasserted if the QP1F has selected the slot by 
asserting a DRQ select signal (q2pif drq select) and iden- 
tifying the slot (q2pif_queue_select=slot number) but has 
aborted the transaction by asserting a cycle abort signal 
(q2pif__abort__cycle). The valid signal also is deasserted if 
the DRQ ends the transaction by asserting a cycle complete 
signal (e.g., qO__cycle_complete) while the QPIF is waiting 
for more data (Le., q2pif_next_data is asserted). However, 
the cycle complete signal is ignored if the QPIF is currently 40 
streaming data to the other bridge chip (i.e., q2pif_ 
streaming is asserted). Otherwise, if the slot's valid signal is 
not specifically asserted or deasserted on a clock cycle, it 
retains its current value. The valid flag logic block 2104 also 
generates a DRQ valid signal (drq_valid[3:0]) that indicates 
which, if any, of the three DRQ slots contains a valid 
transaction, by combining the valid signals for each indi- 
vidual slot (i.e., drq_valid={0, q2_valid, ql_valid, 
q0__valid}). Gates 2106, 2108, 2110, 2112, and 2114, mul- 
tiplexers 2116 and 2118, and flip-flop 2120 are arranged to 
generate the slot valid signals and the DRQ valid signals in 
this manner. 

The DRQ also includes pointer logic blocks that maintain 
pointers to the memory locations from which data is to be 
read during a delayed read request transactions. When the 
address at which the delayed read transaction will begin is 
loaded into the queue memory 2100, a valid pointer logic 
block 2122 generates a six bit valid pointer that indicates 
where the transaction will end. If the transaction involves a 
single word (e.g., a memory read), the valid pointer logic 
2122 sets the valid pointer equal to the address loaded into 
the queue memory 2100. For a memory read line 
transaction, the valid pointer logic 2122 gives the valid 
pointer a value of "000111", which indicates that the last 
valid piece of data is eight dwords (i.e., one cache line) 
beyond the starting point. For a memory read multiple 
transaction, the valid pointer is set to "111111", which 
indicates that the last valid piece of data is sixty-four dwords 
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50 
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60 



(i.e., eight cache lines) beyond the starting point. The valid 
pointer logic 2122 maintains one valid pointer for each slot 
in the DRQ (valid_4>ointer_0[5:0], valid_j>ointer_l[5:0], 
and valid_pointer_2[5:0]). The location of the valid pointer 
is ignored by the DRQ when it receives a streaming signal 
from the QPIF (q2pif_streaming), as described in more 
detail below. 

An output pointer logic block 2124 maintains three output 
pointers (output_j>ointer_0[5:0], output__pointer__l[5:0], 
and output_4X)inter_2[5:0]), one for each slot in the DRQ, 
that indicate the next word of data to be read from memory 
and delivered to the other bridge chip. The pointer is 
incremented when the QPIF indicates that it is ready to read 
the next piece of data (i.e., it asserts the q2pi£_jiext_data 
signal), once for every word read. Except in streaming 
situations, a transaction is terminated (completed) when the 
output pointer reaches the valid pointer. If a transaction 
terminates before all of the data is read (i.e., before the 
output pointer reaches the input pointer), the QPIF will pick 
up at the location indicated by the output pointer when the 
transaction resumes. If the output pointer is incremented but 
the output pointer logic 2124 receives a stepback signal 
(q2pif_step_back), indicating that the transaction was ter- 
minated on the PCI bus before the QPIF was able to read the 
last piece of data, the output pointer logic 2124 decrements 
the counter once so that the last unread piece of data can be 
read when the transaction resumes. A queue interface block 
2126 provides transaction information and the valid and 
output pointers to the QPIF. 

Delayed Completion Queue 

Referring to FIG. 66, the DCQ 144 stores delayed 
completion messages containing the response of the target 
bus to each delayed request issued on the initiating bus. 
Delayed completion messages corresponding to delayed 
read requests include the requested data, while delayed 
completion messages corresponding to delayed write 
requests include no data. Acable interface block 2130 claims 
delayed completion messages from the cable decoder and 
provides the delayed completion information to a tag 
memory 2132. The DCQ, and therefore the tag memory 
2132, is capable of storing up to eight delayed completion 
messages at once. The tag memory 2132 stores information 
such as the PCI command and the address contained in the 
original request leading to the delayed completion message, 
byte enable bits, address and data parity bits, and "locked 
cycle" and "dual address cycle" bits. For delayed write 
transactions, which always involve only in a single word of 
data, the tag memory 2132 stores a copy of the written data. 
Each of the eight slots in the tag memory 2132 includes an 
implied pointer to one of eight corresponding data buffers in 
a DCQ data RAM 2134. For delayed read transactions, the 
returned data is stored in a corresponding data buffer 
2135a-* in the data RAM 2134. The following table shows 
the information stored in the tag memory 2132 for each 
transaction held in the DCQ. 



Contents of DCQ 



Field 



Bits 



Comments 



Address 



PCI Command 



65 



64 Upstream Transactions support Dual 

Address Cycles 
4 I/O Read 

I/O Write 
Config Read 
Coniig Write 
Memory Read 
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Contents of DCQ 



Field 



Bits 



Comments 







Memory Read Line 






Memory Read Multiple 


Byte Enables 


4 


Byte Enables not necessary on MRL, 






MRM 


Parity 


1/data transfer 


Send data par with delayed write 10 






transactions 


Data 


32 


Data queued on delayed write 






transactions. 


Lock 


1 




DAC 


1 


Indicates whether address is 32 or 


Indication 




64 bits 15 



Each of the eight data buffers in the DCQ data RAM 2134 
may store up to eight cache lines (256 bytes) of delayed 
completion data. Therefore, the buffers are large enough to 
store all completion data for even the largest delayed request 20 
transactions (memory read multiple transactions). However, 
the capacity of each data buffer may be reduced to four 
cache lines by setting a configuration bit (cfg2q eight 
line_) in the bridge chip's configuration registers. Each data 
buffer may be filled by data provided in a single delayed 25 
completion transaction, or if not all requested data is 
returned in a single delayed completion transaction, by 
multiple delayed completion transactions. However, each 
data buffer may contain data corresponding to only one 
original delayed request, regardless of how many delayed 30 
completion transactions it takes to provide the requested 
data. 

Aqueue interface block 2136 controls the flow of comple- 
tion data from the DCQ cable interface 2130 into the data 
RAM 2134 and out of the data RAM 2134 to the QPIF. 35 
Three logic blocks generate pointers that govern the input 
and output of data stored in the eight data buffers. The first 
block, an input pointer logic block 2138, maintains a six bit 
input pointer for each of the eight data buffers (in_pointer_ 
0[5:0], in pointer 1[5:0], etc.). Each input pointer points 40 
to the location in the corresponding data buffer to place the 
next word of data. The second block, an output pointer logic 
block 2140, maintains a six bit output pointer for each of the 

eight buffers (out_pointer__0[5:0], out pointer 1(5:0], 

etc.). Each output pointer points to the location of the word 45 
of data immediately following the word last removed by the 
QPIR The output pointer for a selected data buffer is 
incremented when the QPIF indicates that it is ready for the 
next piece of data (i.e, when q2pif_next_data is asserted). 
If the output pointer is incremented but the last piece of data so 
does not reach the requesting device because the transaction 
was terminated by a device other than the QPIF, the QPIF 
asserts a stepback signal (q2pif_step_back) that causes the 
output pointer logic block 2140 to decrement the output 
pointer by one word. 55 

The third pointer block, a valid pointer logic block 2142, 
maintains for each of the eight data buffers a six bit valid 
pointer (valid_pointer_0[5:0], valid__pointer_l[5:0], etc.) 
that indicates the next word of data in the corresponding data 
buffer that is available to the QPIF. Because the PCI Spec 2.1 60 
requires that read completion data not be returned before an 
earlier-initiated posted memory write transaction, delayed 
completion data placed into the DCQ while a posted 
memory write is pending in the PMWQ cannot be made 
available to the requesting device until the posted memory 65 
write is completed on the PCI bus and removed from the 
PMWQ. Therefore, as long as any earlier-enqueued posted 



memory write transactions remain in the PMWQ, the valid 
pointer must remain at its current position. Then, when all 
earlier-enqueued posted memory writes have been removed 
from the PMWQ, the valid pointer may be moved to the 
same position as the in pointer. When the PMWQ is empty, 
all delayed completion data is valid (i.e., available to the 
requesting device) as soon as it is stored in the DCQ. 

Referring also to FIGS. 67A and 67B, the valid pointer 
logic block 2142 must ask the master cycle arbiter (MCA) 
to validate all delayed completion transactions that enter the 
delayed completion queue while a posted memory write is 
pending in the PMWQ. But because the MCA can enqueue 
no more than four delayed completion transactions at once, 
as discussed below, the valid pointer logic block 2142 may 
request validation of no more than four delayed completion 
data buffers at once. The valid pointer logic block 2142 also 
must keep track of which four delayed completions trans- 
actions are enqueued in the MCA at any given time. To do 
so, the valid pointer logic block 2142 maintains two four- 
slot registers: a DCQ buffer number register 2144 and a 
validation request register 2146. The buffer number register 
2144 maintains the three-bit DCQ buffer number, as deter- 
mined by the DCQ buffer number signal (cd_dcq_buff_ 
num[2:0]) provided by the cable decoder, of each delayed 
completion transaction enqueued in the MCA. The valida- 
tion request register 2146 maintains one transaction valida- 
tion request bit for each of the DCQ buffers whose numbers 
are stored in the four slots 214S(h-d of the buffer number 
register 2144. The request bit in each slot 2150a-d of the 
validation request register 2146 is asserted if a correspond- 
ing delayed completion transaction is enqueued in the MCA. 
The values of the bits in the four validation request slots 
2150a-d are provided together to the MCA as a four bit 
validation request signal (dcq__valid[3:0]). 

When a delayed completion transaction is to be enqueued 
in the MCA, its corresponding DCQ buffer number is loaded 
into one of the buffer number slots 214Sa~d by the cd__dcq_ 
buff _num[2:0] signal. The slot 2148a-rf to be loaded is 
selected by a two bit selection signal (next__valid_select 
[1:0]). The value of the selection signal depends upon the 
value of the dcq_yalid[3:0] signal generated by the valida- 
tion request register 2146 and look-up table 2152, the 
contents of which are shown in the table below. The slot is 
loaded when it is selected by next_valid_select[l:0], when 
the cable decoder has selected the DCQ and has completed 
the transaction (i.e., cd__dcq_select and cd_complete are 
asserted), and when at least one posted memory write 
transaction is pending in the PMWQ (i.e., pmwq no pmw 
is not asserted). Gates 2154, 2156, 2158, 2160, and 2162 and 
2x4 decoder 2164 are arranged to load the buffer number 
register 2144 in this manner. Likewise, the corresponding bit 
in the validation request register 2146 is set by the output of 
gates 2154, 2156, 2158, 2160, and 2162 and 2x4 decoder 
2164. 



Buffer number register slot selection 




dcq_valid[3:0] 


next_valid_selectfl :0] 


slot# 


raO 


00 


0 


xxOl 


01 


1 


xOU 


10 


2 


0111 


11 


3 



In response to the dcq_valid[3:0] signal, the MCA out- 
puts a four bit DCQ run signal (mca__run_dcq[3:0]) that 
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indicates which of the DCQ buffers pointed to by the buffer The hit logic 2180 also interfaces with a multi-threaded 
number register may have its valid pointer updated. The master detection block 2182 to detect which PCI slots, if 
mca_run_dcq[3:0] signal is provided to a valid pointer any, contain multi-threaded devices. Multi-threaded devices 
update logic block 2166, along with the pmwq_no__pmw are capable of maintaining more than one delayed transac- 
signal and the in pointers for each of the eight data buffers, s tion at once and therefore must be treated specially. When a 
If a posted memory write transaction remains in the PMWQ multi-threaded master is detected, a corresponding bit in the 
after the MCA asserts one of the mca_run_dcq[3:0] bits configuration registers is set to indicate that the device is 
(which will happen when a posted memory write transaction able to sustain multiple outstanding delayed transactions and 
was enqueued after the delayed completion transaction was therefore that its REQ# line should not be masked. Multi- 
enqueued but before the MCA asserted the corresponding io threaded master detection is discussed in more detail below. 
mca„run_dcq bit), the corresponding valid pointer is Another function of the DCQ is to determine when an 
updated as long as no other delayed completion transactions opportunity to create a stream of read data between the 
corresponding to the same DCQ buffer are still enqueued in primary and secondary PCI buses exists. A streaming oppor- 
the MCA. If a delayed completion transaction for the same tunity exists when delayed completion data is being placed 
DCQ buffer is still enqueued in the MCA, the valid pointer 15 into the DCQ by the cable decoder while it is still being 
may be updated only when the mca_run„_dcq bit corre- placed onto the target bus by the target device. If the PCI 
sponding this transaction is asserted. On the other hand, as device that initiated the transaction resubmits its request 
soon as the pmwq no pmw signal is deasserted, all valid while the target device is still placing data on the PCI bus, 
pointers are updated to match the corresponding in pointers a read stream is established. Because read streaming is an 
regardless of whether delayed completions are still 20 efficient way to transfer data between the primary and 
enqueued in the MCA. When a mca__run_dcq bit is secondary PCI buses, the PCI bridge chip not only gives 
asserted, the corresponding bit in the validation request higher priority in the bus arbitration process to a device 
register 2146 is cleared. Gates 2168, 2170, 2172, 2174, and whose completion data is arriving, it also will attempt to 
2176 are arranged to clear the validation request register bits terminate a non-streaming transaction to improve the pos- 
in this manner. 25 sibility that a stream will be established. However, while in 
Referring again to FIG. 66, a hit logic block 2180 deter- theory streaming can occur during any read cycle, in practice 
mines when a delayed request transaction from a requesting it is likely to occur only during transactions that involve a 
device on the PCI bus has "hit" one of the delayed comple- large amount of data (i.e., memory read multiple 
tion messages in the DCQ. According to the PCI Spec 2.1, transactions). Therefore, the queue block will attempt to 
the following attributes must be identical for a delayed 30 terminate transactions in favor of potential streaming oppor- 
completion to be matched with a request: address, PCI tunities only when the potential streaming transaction is a 
command, byte enables, address and data parity, data (if a memory read multiple transaction. 

write request), REQ64# (if a 64-bit data transaction), and Referring also to FIG. 68, a stream logic block 2184 in the 

LOCK# (if supported). When a request is latched by the PCI DCQ determines whether a streaming opportunity exists 

slave, the QPIF retrieves the request information, sends it to 35 and, if so, generates the signals required to support the 

the DCQ, and asserts a check cycle signal (q2pifL_check^_ stream. The stream logic block 2184 generates the signals 

eye) that instructs the DCQ hit logic 2180 to compare the required to disconnect a current transaction in favor of a 

request information to the delayed completion messages potential stream. When the cable decoder is placing a 

stored in the DCQ tag memory 2132. The hit logic 2180 delayed completion transaction in the DCQ, the stream logic 

receives the sixty-four bit address signal (q2pif_addr 40 2184 uses the DCQ buffer number signal provided by the 

[63:2]), the four bit PCI command signal (q2pifl_cmd[3:0]), cable decoder (cd__dcq_bufLjaum) to retrieve the PCI 

the four enable bits (q2pif__byte_en[3:0]), the dual address command code stored in the corresponding DCQ buffer 

cycle bit (q2pif__dac) (which corresponds to the PCI (qO_cmd[3:0], ql_cmd[3:l], etc.). If the command code 

REQ64# signal), the lock bit (q2pif_lock) from the QPIF, represents a memory read multiple request (i.e., "1100"), the 

and, if the request is a write request, the data to be written 45 stream logic 2184 asserts a disconnect-for-stream signal 

(q2pif_data[31:0]). Though not required by the PCI Spec (dcq_disconnect_Jbr_j5tream) that instructs the QPIF and 

2.1, the QPIF also provides the slot number (q2pif_slot the PCI interface to terminate the current transaction due to 

[2:0]) of the requesting device to enhance the queue block's a potential streaming opportunity. Multiplexer 2186 and 

buffer flushing routine, described below. The hit logic 2180 comparator 2188 are arranged to generate the deq 

then compares each of these signals to the delayed comple- 50 disconncct_for stream signal. Then, as long as the cable 

tion information stored in the eight DCQ buffers. If all of the decoder continues to provide the completion data to the 

signals match the information of any of the delayed comple- DCQ (i.e., the cd_dcq_select signal remains asserted) and 

tion messages, the hit logic 2180 identifies the buffer con- no posted memory writes appear in the PMWQ (i.e., 

taming the matching completion message by asserting a pmwq_no_pmw remains asserted), the stream logic 2184 

corresponding bit in an eight bit hit signal (dcq_hit[7:0]). 55 provides a streaming request signal (q2a_jstream) directly to 

When a hit occurs, the QPIF retrieves the completion the PCI arbiter. The stream logic 2184 also provides the slot 

message and provides it to the requesting device and, if the number of the potential streaming device (q2a__stream_ 

request is a read request, begins removing the returned data master[2:0]) to the PCI arbiter by using the cd_dcq_bufL_ 

from the corresponding data buffer in the data RAM 2134. num[2:0] signal to select the PCI slot number stored in the 

If the request information does not match the completion 60 selected DCQ buffer (qO __master[2:0] for DCQ buffer zero 

information of any of the delayed completion messages in 2135a, ql_master[2:0] for DCQ buffer one 21356, etc.). 

the DCQ, the request has "missed" the DCQ and is stored in The PCI arbiter then elevates the bus arbitration priority of 

the next available DCQ buffer and forwarded through the the potential streaming device, as discussed in more detail 

cable to the other bridge chip by the QPIF. A PCI device below. If the potential streaming master is not granted the 

which initiates a request that misses the DCQ may have its 65 bus before the streaming opportunity disappears, its priority 

REQ# line masked until its completion message is returned, is returned to normal. Because the upstream bus has only 

as described in more detail below. one master device (the CPU), this feature is disabled in the 



6,032,271 

23 24 

upstream chip. Gate 2190 and multiplexer 2192 are arranged current transaction is a memory read line or memory read 

to generate the q2a___stream and q2a__stream_master sig- multiple cycle (i.e., q2pif_cmd[3:0] equals "1100" or 

nals. "11110"), the QPIF has indicated that the cycle is complete 

When a requesting device hits a delayed completion (i.e., q2pifL_cyc_complete is asserted), and the last word of 

message stored in the DCQ, the corresponding bit of an eight 5 data was taken from the DCQ buffer (i.e., last_jword is 

bit hit signal (hit[7:0D is asserted. The hit[7:0] signal asserted). Gates 2220, 2222, 2224 and 2228a-* and decoder 

indicates which of the eight DCQ buffers was hit by the 2226 are arranged to set the prediction bits in this manner, 

current request. When this happens, if the corresponding The last_word signal is asserted by the prefetch logic 2212 

DCQ buffer contains data (i.e., dcq_no_data is not when the requesting device tries to read past the end of the 

asserted), the stream logic 2180 latches the value of the hit 10 DC Q buffer. This occurs when the out pointer and in pointer 

signal for the duration of the transaction (i.e., as long as ^ equal? indicating that the end of the DCQ buffer has been 

q2pifL_cyc„complete is asserted). The latched version of reached (i.e., for a four cache line buffer, out _pointer_x 

the hit signal forms a "delayed" hit signal (dly_hit[7:0]). [ 4:0 ] valid _pointer_x[4:0] or, for an eight cache line 

When either the hit signal or the delayed hit signal indicates bufferj O ut_pointer_x[5:0] equals valid _pointer_x[5:0]) 

that a DCQ buffer has been hit, a three bit DCQ stream 15 an d when the requesting device tries to read another piece of 

buffer signal (dcq_stream_bufI[2:0D provides the buffer data ^ q2pif_next_data is asserted). Gates 2230, 2232, 

number of the hit DCQ buffer. Then, if the cable decoder and 2234 are arranged to generate the last_word signal, 

places delayed completion data into the buffer while the A . ,. . , . . , A . if _ - A , . . - , 

1 l « • ■ /• ~i -1 1 * An individual bit m the prefetch enable signal is cleared 

cycle that hit the buffer is in progress (i.e., cd_dcq_select , „Jl . . . _ , ^ . . 

. . , j j j , rc >i ai 1 , when the corresponding PCI slot is selected and either a PCI 

is asserted and cd_dcq_buff_num[2:0J equals dcq_ - n „ . , / 1 a u • j\ *u r\mr? 

i_ m--i m\ .i~ 7 , . i no ft ^ 20 flush condition occurs (p2q_ffush is asserted), the QPIF 

stream_bunT2:0j), the stream logic block 2180 asserts a x tl . . * u i r\ cc > i*j - * / >\ 

^ - i /a * *\ *u * * 11 *u tells the DCQ to step back the buffer s valid pointer (q2p_ 

stream connect signal (dcq stream connect) that tells the . . _ r , x . , . . . 7 — 

^mi- *u * * , \S * .7 u j t-C r\mr *u step back is asserted), or the requesting device initiates a 

QPIF that a stream has been established. The QPIF then A F ~ . ^ . " c 2 ™->%. . cc / -% ^ 

. c . *j ... * i_ *u * * v transaction that misses all of the DCQ buffers (q2pif__ 

informs the badge chip on the target bus that a stream has , . ^ . , , . , ^ j\ * 

, . Li- i_ j rr • j -7- * *u * * check eye is asserted and dcq hit is deasserted). Gates 

been established. If certain conditions are met, the target 9 <- — £ 0 A ^ An . aa~ ^ -w*r a* 

™ lf7 . 1t . . . ... . . . \ u ?. 25 2236, 2238, and 2240o-ft and decoder 2226 are arranged to 

QPIF will continue to stream until it is told to stop by the , * . ' . A . ... . A . . to 

■ u- rkntr- j- j - _ j « 1 u^i r> ♦ clear the prediction enable bits in this manner, 

initiating QPIF, as discussed in more detail below. Gates * 

2194 and 2196, multiplexers 2198 and 2200, and flip-flop When the prefetching function is enabled for a device on 

2202 are arranged to generate the delayed hit signal. Gates the PCI bus, the prefetch logic 2212 can generate two types 

2204, 2206, and 2208 and encoder 2210 are arranged as ^ of prefetch signals for the device: a prefetch line signal 

shown to generate the dcq_stream_connect and dcq_ (dcq_prefetch_line) and a prefetch multiple signal (dcq_ 

stieam_buff[2:0] signals. prefetch_jnul). The prefetch line signal is generated when 

Referring again to FIG. 66, the DCQ will, under certain me ™™ ni PCI command from the requesting device is a 

circumstances, automatically prefetch data from the target memory read line signal, and the prefetch multiple signal is 

bus on behalf of a PCI master in anticipation that the master 35 generated when the current PCI command is a memory read 

will come back and request the data. A prefetch logic block multi P le cither case ' corresponding prefetch 

2212 in the DCQ prefetches data when the reading master si &^ is generated when the following conditions occur: the 

consumes all of the data in its DCQ buffer and the prefetch prefetch„set bit for the requesting PCI slot is set; a corre- 

logic 2212 anticipates that the requesting device will return sponding prefetch enable bit in the configuration registers is 

with a sequential read request (i.e., a request that picks up 40 xX (cfg2q_auto_prefetch_enable); the DRQ in the 

with data located at the next sequential location in memory). upstream chip is not full (!tc_dc_Jull); the DCQ buffer has 

Because some devices, such as multi-threaded masters, room for the corresponding amount of prefetch data (!dcq_ 

routinely read all of the data requested in one transaction and no_prefetch_room); the current cycle hit the DCQ buffer; 

then return with a different, non-sequential request, the arid the requesting master has tried to read past the end of the 

prefetch logic 2212 includes prediction circuitry that dis- 45 DC Q buffer ( last - word and q2pif_cyc_complete). Gates 

ables the prefetch capabilities for each device on the PCI bus 2242 > 2244 > 2246 ^ 2248 > 2250 > and 2252 » decoder 2254, and 

until the device has shown a tendency to issue sequential multiplexers 2256 and 2258 are arranged to generate the 

read requests. As soon as a device that has been receiving prefetch signals in this manner. 

prefetched data returns with a non-sequential read request, When the prefetch logic 2212 generates a prefetch signal, 

the prediction circuitry will disable the prefetching function 50 it generates a corresponding prefetch address signal (dcq_ 

for that master. prefetch_addr[63:2]) by concatenating the upper fifty-seven 

Referring also to FIGS. 69A and 69B, the prefetch logic bits of the address stored in the corresponding DCQ buffer 

block 2212 includes a prefetch prediction register 2214, the (q0_addr[63:7] for buffer zero, ql_addr[63:7] for buffer 

output of which is an eight bit prefetch enable signal one, etc.) with the lower five bits of the buffer's output 

(prefetch_set[7:0]) that governs whether the prefetch func- 55 P ointer (out_pointer_0[4:0], etc.). A dual address cycle 

tion is available for each of the devices on the PCI bus. All signal (dcq_prefetch__dac) indicates whether the prefetch 

bits in the prefetch enable signal are cleared at reset (RST) transaction is a dual or single address cycle. The dcq_ 

and when the QPIF orders a general flush of all of the DCQ prefetch_cycle signal takes on the value of the dual address 

registers (i.e., generaljush is asserted and q2pi£_slot[2:0] bit stored in the DCQ buffer (q0„dac, ql_dac, etc.). For 

equals "000''). The gcncraL_flush signal is discussed in 60 botn me prefetch address and dual address cycle signals, the 

more detail below. Gates 2216 and 2218 generate the signal appropriate value is output from a multiplexer 2260 or 2262 

that resets the prefetch_set bits. and selected by the three bit DCQ buffer number signal 

An individual bit in the prefetch enable signal is set when indicating which DCQ buffer was hit by the current request, 

the corresponding PCI slot is selected by the q2piL_sIot Referring again to FIG. 66, each DCQ data buffer has 

signal and the following conditions occur the requesting 65 several possible states, each of which is determined by a 

device hits a delayed completion buffer in the DCQ (i.e., one buffer state logic block 2264 in the DCQ. The following are 

of the bits in the cycle_hit[7:0] signal is asserted), the the possible buffer states. 
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1. Empty. 

Available for allocation. A buffer is Empty after power up 
and after it is flushed. 

2. Complete. 

Hie buffer contains completion information for a delayed 
completion from a real delayed request from a device on the 
PCI bus (i.e., not a prefetch request). The PCI device has not 
yet reconnected and taken data from the buffer. The delayed 
completion transaction is complete. 

3. Prefetch. 

The buffer contains completion data for a prefetch request 
or requested data that was left in the buffer after the 
requesting master disconnected from the buffer. All of the 
completion data has arrived from the target. 

4. PartComplete. 

The buffer is reserved for and may contain completion 
information for a real delayed request (i.e., not a prefetch 
request). The master has not yet reconnected and taken data 
from the buffer, and not all of the completion information 
has arrived from the target. 

5. PartPrefetch. 

The buffer is reserved for or contains completion infor- 
mation for a prefetch request, or the buffer contains 
requested data that was left in the buffer after the requesting 
master disconnected from the buffer. Not all of the comple- 
tion information has arrived from the target. 

6. Discard. 

The buffer was flushed while in the PartPrefetch state, but 
the last completion data has not yet arrived from the target. 
The buffer is placed in the Discard state to prevent it from 
being used until the transaction completes on the target bus 
and the last data arrives. 

When the QPIF requests a DCQ buffer for a delayed 
request transaction, the buffer state logic 2264 allocates the 
buffers in the following order. If no buffer is in the Empty 
state or Prefetch state, the requesting master must be retried. 



DCQ Buffer Allocation 



Buffer Number Buffer State 



00 


Empty 


Ql 


Empty 


Q2 


Empty 


Q3 


Empty 


Q4 


Empty 


QS 


Empty 


06 


Empty 


Q7 


Empty 


00 


Prefetch 


Ql 


Prefetch 


Q2 


Prefetch 


Q3 


Prefetch 


04 


Prefetch 


Q5 


Prefetch 


06 


Prefetch 


Q7 


Prefetch 



When a device on the PCI bus initiates a delayed read 
request and a DCQ completion buffer is set aside, the buffer 
state logic 2264 changes the buffer's state to PartComplete. 
If the DCQ initiates a prefetch read, the buffer state is 
changed to PartPrefetch. When the last piece of completion 
data arrives, the buffer's state is changed from PartComplete 
or PartPrefetch to Complete or Prefetch, respectively. When 
the requesting device resubmits a retried read request and 
hits the buffer, any valid completion data is given to the 
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master if the buffer is in the Complete, Prefetch, 
PartComplete, or PartPrefetch state. If the master does not 
take all of the data before disconnecting, the buffer's state is 
changed to Prefetch or PartPrefetch to indicate that the 
5 unclaimed data is considered to be prefetch data. If the 
master takes the last piece of data when the buffer is in the 
Complete or Prefetch state, the buffer's state is changed to 
Empty. 

[f a flush signal is received while a buffer is in the Prefetch 

10 state, the prefetch data in the buffer is discarded and the 
buffer state is changed to Empty. If a flush event occurs 
while the buffer is in the PartPrefetch state and completion 
data is still arriving, the buffer is changed to the Discard state 
until all of the prefetch data arrives. When the transaction is 

15 complete, the prefetch data is discarded and the buffer state 
is changed to Empty. If the buffer is in the Complete or 
PartComplete state when a flush signal is received, the 
completion data is left in the buffer and the buffer state 
remains unchanged. If the flush signal occurs because the 

20 corresponding PCI device has issued a new request (i.e., a 
request that is not currently enqueued and that "misses" all 
of the completion buffers), as discussed below, the DCQ 
allocates a new buffer for the transaction, as discussed 
above. Therefore, a PCI device may have more than one 

25 completion buffer allocated. Multiple buffers may be allo- 
cated to a PCI device when the device has a buffer contain- 
ing or awaiting completion data (i.e., the buffer is in the 
Complete or PartComplete state) and the device issues a new 
request. Because multi-threaded devices are the only devices 

30 that can maintain multiple transactions at once, only multi- 
threaded devices can have multiple completion buffers 
reserved simultaneously. 

Master Cycle Arbiter 

The Master Cycle Arbiter (MCA) determines the execu- 
tion order of posted memory write and delayed request 
transactions while maintaining the ordering constraints 
between posted memory write, delayed request, and delayed 

^ completion cycles set forth in the PCI Spec 2.1. According 
to the PCI Spec 2.1, the MCA must guarantee that executed 
cycles maintain strong write ordering and that no deadlocks 
occur. To ensure that no deadlocks will occur, posted 
memory write cycles must be allowed to pass earlier 

45 enqueued delayed request cycles, and to maintain the 
required ordering constraints, delayed request cycles and 
delayed completion cycles must never be allowed to pass 
earlier-enqueued posted memory write cycles. 

Referring to FIG. 70, the MCA uses two transaction 

50 queues, a transaction run queue (IRQ) (or transaction 
execution queue) 2270 and a transaction order queue (TOQ) 
2272, to manage cycles enqueued in the PMWQ, DRQ, and 
DCQ. An MCA control block 2274 receives transactions 
from the PMWQ, DRQ, and DCQ in the form of four bit 

55 validation request signals (pmwq__valid[3:0], drq_yalid 
[3:0], and dcq_valid[3:0]) and outputs run commands in the 
form of four bit run signals (mca_run_pmwq[3:0], mca_ 
run_drq[3:0], and mca__run_dcq[3:0]). The transactions 
are moved into and out of the TRQ 2270 and TOQ 2272 by 

60 a TRQ control block 2276 and TOQ control block 2278, 
respectively. 

Referring also to FIG. 71, the TRQ 2270 is the queue from 
which the MCA determines the transaction execution order. 
Transactions in the TRQ 2270 can be executed in any order 
65 without violating the transaction ordering rules, but once a 
posted memory write cycle is placed in the TRQ 2270, no 
other cycle can be placed in the TRQ 2270 until the posted 
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memory write is removed. Transactions in the TRQ 270 are stored in the TRQ 2270, incrementing only when a trans- 
tried in circular order and generally are completed in the action cannot be completed successfully on the target PCI 
order they were received. However, if a transaction in the bus. 

TRQ 2270 is retried on the PCI bus, the MCAmay select the when a d m wite or del ^ uest ^ ^ 

nexttransacUon mtheTR92270tobe tnedonthePabus. 5 popped out 0 f tfc TOQ 2272 (new toq_cycle is asserted), 

Because delayed completion transactions are slave cycles ^ or when me TOQ 2373 * not enabled 

rather than master cycles, they are never placed m the TRQ t L1 ,v ! , . - , . tU w^ A 

___„ „ , / j 1 j 1 ^ * c *■ (itoq enabled) and a new cycle is received by the MCA 

2270. Furthermore, because delayed completion information ) H ~~ ... ' . . . f ,. # A *. A J u . t - 

A* j - (new valid set), the cycle type bit and valid bits for the 

may be made available to the requesting device as soon as v _ . — , j « . / , u * 1 ♦ ■ *u n>rwf 

• , ^™ . c ♦ j , new cycle are loaded into the next empty slot in the TRQ. If 
it enters the DCQ if no posted memory write cycles are in 4 . -\ . . - ™„ -ill t , , , , 

, j: „ " j 1 * 1 * ■ * i- 10 the cycle is coming from the TOQ 2272, the valid bits and 

penduigu. the ^PMWQ^delayed completion txansacUons are / are provided by TOQ valid and cycle type 

placed m the TOQ 2272 oriywtai posted memory write s [^^ vaKd f 1:0 ] and tc^cyctypeCO]), respectively: 

cycle » pending m the TRQ 2270, as discussed in more 0 ^ erw £\ 6 n6 ^ CJ 4 ^aLIon i pro^dedby MCA 

e 31 ow " . , , , , , , valid and cycle type signals (d_valido[l:0] and d_cyctype 

The TRQ 2270 is a circular queue that holds up to four 15 [0]) Gates ^ and n9S and multiplexeis 2300 and 2302 

transactions at once. Because the MCA must always be able m arranged tQ tbe of to ^ loaded 

to run at least one posted memory write transaction to jnto the ^ ^ a cycIe Ls successful i y mn on the 

preserve tbe required ordering constraints, the TRQ 2270 pa ^ ^ ^ h removed from me Uansictioa order 

can never hold more than three delayed request transactions queu6 ^ ^ fe typ6 bit ^ vaJid bi|s ^ provided to the 

at once. Furthermore the TRQ can hold only one posted w MCA control Wock 2274 as TRQ cycle type and valid 

write transaction at a time because posted writes cannot be si . (frq _ cyctyp6 r 0 ] and trq_valido[l:0]), respectively, 

passed by any later-initiated transaction, including other ~- —,~ . , « - , 

posted writes. Each slot 22X<W in the TRQ 2270 contains u Ille ™> block ^J 6 S 6nerates atrq_pmw signal 

three bits of information: a one bit cycle type indicator 2282 mdl ? a . tes ^ » ^^ m °Z- «™*«» * 

(which equals "1" for posted memory write transactions and 25 en <l ueued in the ™ Q , 227 ? ^ T?* 

"0" for delayed request transactions), and a two bit valid subsequentiy issueddelayed request and delayed compleUon 

pointer 2284, the four possible values of which identify transactions must be enqueued in the TOQ 2272 as dis- 

which of the buffers in the PMWQ or the DRQ the enqueued ™*f * ™ T^^T ^ 

transactions occupy. The TRQ 2270 also includes an input/ °° ntrol block 2 * 74 has instructed ™Q ^ , to 

out P utenableblock2286matdetermineswhenatransaction 30 en ?* eue * new P 051 ^ T? te <?cle (trq_slot 

may be moved into or out of the TRQ 2270, an input logic *» ** ^ ual ."«« r ^^TXZ^ 

block 2288 that controls the placement of a transaction into 1 X alternatively, when any of ^the TRQ slots 2280W 

the TRQ 2270, and an output logic block 2290 that controls a , cvcle (trq slot_vahd[3:0] does not equal 

removal of a transaction from the TRQ 2270. These logic °°^}' at least one of ,h f 15 * P° sted memorv wnte 

blocks contain standard queue management circuitry. 3S (•^-fJ^yP* 1)' P 2?T 

A . , . . , , L1 wnte cycle has not been cleared from the corresponding slot 

A circular input pointer _2292 selects the next available ( slot valid ^p^]). Gates 2304, 2306, 

slot for placement of an incoming transaction. The input -- no j--, , , . . „ 

» . . . & , m_i t_* . • 2308, 2310, and 2312 are arranged to generate the trq nmw 

pointer is circular to maintain, as much as possible, his ton- . . 

• - » • . . A ' . signal m this manner. 

cal order of the incoming transactions. 

A circular output pointer 2294 arbitrates between the 40 c Referri ^°^ w to nG - 72 ' ^ TOQ 2272 is a first-in- 
transactions in the TRQ 2270 and determines their order of ^ ^ e mstonca i order o£ 

execution. The output pointer 2294 always begins with the transactions received by the bndge after a posted memory 

top slot 228fa in the TRQ 2270 at startup and progresses ^ transactlon 15 P lac f m the ™ Q 227 °- 8603,156 M 

circularly through the TRQ 2270. The output pointer 2294 transactions must wait for earlier-issued posted memory 

maybecorAguredtoor^ratemeimerimMterctryorzero 45 » 311 transa ^ 0 ° s P«ted memory 

retry mode by setting or clearing, respectively, an infinite ^ ^^"^ "" el * yed on transactions, 

. , t . # • „ M ~J„ 4 ^«, • A f „ are placed in the TOQ 2270 when a posted memory write is 

retry bit in the configuration registers (ctg2q_infretry). In . to^->^ a ^ * *u ^t-. 

* a *« _ !L„ . " t ^^oaZL^ - /' , enqueued m the TRQ 2270. Transactions in the TOQ 2272 
infinite retry mode, the output pointer 2294 remains on a M ... r^X^ , , 

. t . ^ . „„ c ,^^»- * - m , ^™fi.n„ must re mam in the TOQ 2272 until the posted memory wnte 

transaction until the transaction is run successfully on tne . 7_ rm rt J 

nr^i i_ t * j . . 4 • transaction is removed irom the TRQ 2270. 

PCI bus. In zero retry mode, the output pointer 2294 is 50 w 

incremented each time a transaction is tried on the bus (i.e., ^ TO Q 2270 » whicn nas eig 01 s 1015 2314a-h, can hold 

q2pif_cyc_complete was asserted on the previous PCI U P to tnree posted memory write transactions (the fourth will 

clock cycle), regardless of whether the transaction com- be stored in the TRQ 2270), three delayed request 

pletes successfully or is retried. Because the PCI Spec 2.1 transactions, and four delayed completion transactions. Each 

mandates that posted memory write transactions be allowed 55 of slots 2314a-k in the TOQ 2272 contains two cycle 

to bypass delayed request transactions, the output pointer type bits 2316 mal identify the corresponding transaction 

2294 in at least one of the bridge chips must be configured ("01" «s a P osted memory write, "OCT is a delayed request, 

to operate in zero retry mode. Here, the downstream chip ™* "lx" is a delayed completion) and two valid bits 2318 

always is configured to operate in zero retry mode. that identify which of the buffers in the PMWQ, DRQ, and 

Alternatively, the output pointer may be configured to oper- 60 DC Q tne corresponding transaction occupies. The TOQ 

ate in finite retry mode, in which each transaction may be 2272 a* 50 includes standard input and output logic blocks 

attempted on the PCI bus a predetermined number (e.g., 2320 and 2322, which control the movement of transactions 

three) of times before the output pointer increments. Both ' m *° ^ out of me T °Q 2272 - 

the upstream and downstream chips can be configured to The positions at which transactions are placed into and 

operate in finite retry mode with violating the ordering 65 removed from the TOQ 2272 are determined by a three bit 

constraints of the PCI Spec 2.1. In any case, the output input counter 2326 (inputr[2:0J) and a three bit output 

pointer tries to maintain the historical order of transactions counter 2324 (outputr[2:0]), respectively. Both counters 
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begin at the first slot 2314a in the TOQ 2272 and increment Gates 2354 and 2356 and flip-flop 2358 are arranged to 

through the queue as transactions are entered into and generate toq_enabled in this manner, 

removed from the queue. The mput counter 2326 increments The MCA co ntro i block asserts the new_toq_cycle 

on the nsing edge of every PCI clock cycle at which the wnkh ^ TOQ ue the le 5ei 

S^a 227 ? f^wM"" 15 ""ty.?*™ 5 P0PP«1 of the TOQ, when there was not a posted 

MCA control block 2274 provides a new cycle to the TOQ r ^ — ~ . 4 « . , , 

2272 (new_valid_set is aLrted). The valid bits and cycle «™Y wntc cycle m the TOQ during the previous dock 

type bits for each new cycle are provided by the MCA valid ?VVT ) ' Q V TMS^" 

and cycle type signals (d_valido[l:0] and d_cyctype[l:0]). cm ^: f d ^ hen m f <7 cle P°RP* out of me 

The output counter 2324 increments on the rising edge of w D °Vlf£ C ^^ ^t^^^t 

each PCI clock cycle at which the MCA control block 2274 10 DCr »' 1116 MCA controller uses gate 2360 to generate the 

instructs the TOQ 2272 to move to the next cycle (next_ new_toq_cycle signal. 

toq__cycle is asserted) and the TOQ 2272 is not empty (i.e., ^ next_toq__cycle signal, which is used to increment 

inputr[2:0] does not equal outputi[2:0]). Cycles exiting the me T °Q 0Ut P ul counter to the next cycle in the TOQ, is 

TOQ 2272 are represented by TOQ valid and cycletype asserted when the TOQ is not empty (!toq_empty) and 

signals (toq__valido[l:0] and toq_cyctypeo[l:0]). Gates either when no P 051 ^ memory write cycles currendy are 

2328 and 2330 and comparator 2332 are arranged to prop- enqueued in the TRQ (!trq_pmw) and the next cycle in the 

erly clock the input pointer 2326 and output pointer 2324. TO Q fa a delayed completion (toq_.cyctype[l]-"DCr) or 

When a delayed request transaction or posted memory ^ ^ T ° Q ^ a ^ ° F 

write transaction is popped out of the TOQ 2272, the 20 re< J uest transaction (!(toq_cyctype[lKDC)) and 

transaction is placed in the TRQ 2270 to await arbitration. mere were no posted memory write transactions during the 

But because delayed completion transactions are target P revious ^^L^^^T^? 16 ™ °? 

transactions and not master transactions, delayed comple- uses S ates 2364 ' 2366 » and 2368 to generate the 

tions are not placed in the TRQ 2270. Instead, delayed nexLJoo^cycle signal. 

completions are simply popped out of the TOQ 2272 and 25 ^ MCA controller generates the mca_ruo_dcq[3:0] 

used to validate the corresponding data in the DCQ data 10 indicate that a delayed completion transaction has 

buffers. However, as long as a posted memory write trans- been popped out of the TOQ. When the TRQ contains no 

action is enqueued in the TRQ 2270, all delayed completions posted memory write cycles (!trq_pmw), the TOQ is not 

must be placed in the TOQ 2272, even when two or more empty (!toq_empty), and the TOQ cycle is a delayed 

delayed completions correspond to the same delayed request 30 completion (toq_cyctype[l>"DCT), the mca_run_dcq 

and therefore the same delayed completion buffer, as P :0 1 takes on ^ value of the decoded toq_valido 

described above. signal, discussed above. Otherwise, the mca_run_dcq 

Referring to FIGS. 73A through 73D, the MCA control P :0 1 " 000(r * Gate 2 370 ' decoder 2372 ' 3X1(3 

block 2274 controls the flow of transactions through the multiplexer 2374 are arranged to generate mca_run_dcq 

MCA. As discussed above, the PMWQ, DRQ, and DCQ 35 P :0 1 m ^ manner 

request validation of transactions held in the queues by The MCA control block generates new_mca_run_dr 

providing four bit validation signals pmwq_valid[3:0], [3:0] and new_mca_nmjmw[3:0] signals to indicate that 

drq_valid[3:0], and dcq_valid[3:0], respectively, to the & has a new delayed request transaction and a posted 

MCA. Among these signals, only one bit can change during memory write transaction, respectively, to be enqueued. The 

each clock pulse since only a single new transaction can be 40 new_mca_run_dr[3:0] signal takes on the value of the 2x4 

placed into the queue block on each clock pulse. Therefore, decoded d_valido[l:0] signal, discussed above, when the 

the MCA control block identifies new validation requests by new cycle is a delayed request cycle (d_cyctype[0]= w DR"). 

watching for the changing bits in the pmwq_valid, drq__ Otherwise, all bits of the new_mca_run_dr signal are set 

valid, and dcq_valid signals. To do so, the MCA control to zero. Likewise, the new_mca_run_pmw[3:0] signal 

block latches and inverts each signal at the rising edge of 45 ^es on the value of the 2x4 decoded d_valido[l:0] signal 

every PCI clock to create a delayed, inverted signal and wn en the new cycle is a posted memory write transaction 

compares the delayed, inverted signal to the current signal and is set to "0000" otherwise. Decoders 2376 and 2380 and 

(i.e., the signal at the next clock pulse). Since only a newly multiplexers 2378 and 2382 are arranged to generate the 

changed bit will have the same value as its delayed and new_jnca_nm_dr and new_mca_jun__pmw signals in 

inverted counterpart, the MCA control block is able to detect 50 mis manner. 

which bit changed. Using flip-flops 2340, 2342, and 2344 The MCA controller generates toq_mca_run_dr[3:0] 

and gates 2346, 2348, and 2350, the MCA controller gen- and toq_mca_run__pmw[3:0] signals to indicate when a 

crates new__pmwq_valid[3:0], new_drq_valid[3:0], and new delayed request transaction or posted memory write 

new_dcq__valid[3:0] signals which, at each clock pulse, transaction, respectively, has popped out of the TOQ. The 

together identify whether the PMWQ, DRQ, or DCQ, if any, 55 toq_jnca_run_dr[3:0] signal takes on the value of the 2x4 

submitted a new transaction for validation and which buffer decoded toq_valido[l:0] signal when a delayed request 

in the corresponding queue contains the new transaction. cycle is popped out of the TOQ and a value of "0000" 

Referring also to FIG. 74, the MCA control block uses a otherwise. Likewise, the toq_mca__run_pmw[3:0] signal 

look-up table 2352 to convert the twelve bits of the ncw_ takes on the value of the 2x4 decoded toq__valido[l:0] 

pmwq_valid, new_drq_valid, and new_dcq_valid sig- 60 signal when a posted memory write cycle pops out of the 

nals into the two bit d_valid[l:0] and d_cyctype[l:0] TOQ and a value of "0000" otherwise. Decoders 2384 and 

signals provided to the TRQ and TOQ, as discussed above. 2388 and multiplexers 2386 and 2390 are used to generate 

The MCA controller enables the TOQ by latching the me toq_mca_run_dr and toq_mca__run_pmw signals in 

toq_enabled signal to a value of "1" when either the mis manner. 

trq_pmw is asserted, indicating that a posted memory write 65 The MCA controller generates trq_jnca_run_dr[3:0] 

cycle is enqueued in the TRQ, or when the toq enable signal and trq_jnca_run_pmw[3:0] signals to indicate when a 

already is asserted and the TOQ is not empty (!toq_empty). new delayed request transaction or posted memory write 
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transaction, respectively, has won the arbitration in the TRQ for target devices on the bus. A master state machine 2500 

and is ready to be run on the PCI bus. The trq_mca_run_ in the QPIF 148 retrieves transactions from the PMWQ and 

di[3:0] signal takes on the value of the 2x4 decoded trq„ DRQ and executes them on the PCI bus when the QPIF is 

valido[l:0] signal when a delayed request cycle has won the in the master mode. In the slave mode, the QPIF 148 

arbitration and the TRQ is not empty. The trq_mca__run__ 5 receives transactions initiated by a device on the PCI bus and 

dr[3:0] takes on a value of "0000" otherwise. Likewise, the eitDer provides the requested information to the initiating 

tramca„_run pmw[3:0] signal takes on the value of the device the information is available) or retries the initiat- 
2x4 decoded tra vaUdo[l:0] signal when a posted memory ( tf me transaction is a delayed request) and 

write cycle has won the arbitration and the TRQ is not forwards the transaction to the upstream chip The transac 

empty. Hie trq_mca„run_4)mw[3:0] signal is set to a value 10 Uon *° » rf me Responding ^one of the transacUon 

of "0000" otherwise. Gates 2392 and 2398, decoders 2394 punters 159 mdicates that the other bndge chip is full, as 

and 2400, and multiplexers 2396 and 2402 are used to discussed above. A slave state machine 2502 receives an 
generate the trq„mca_run__dr and trq_mca_run_pmw transaCll0D * rom me ^ bus ™ d then ^cks the 

signals in this manner. DCQ for a corresponding completion message and/or for- 

«rL , . . W „ A . 44 ie wards the transaction to a cable message generator 2504, 

When the TRQ is empty, the ;MCAmay issue a request to 15 ^ ^ mm forwalds , he transaction throu ^ ^ ^ to 

run the next transaction m the TOQ while the transaction is t , „ nr . om u^vw . . 

being placed in the TRQ. When both the TRQ and the TOQ * e u P strealn bnd f fjp. . 
ate empty, transactions may begin to run even before they k , f," , ,\° P .k 

have been enqueued into TRQ. Therefore, the MCAcontrol «f latchmg logic 2506 that latches the incom- 

block includes logic that determines when the new_mca_ » m « addl f s f pha *f. ^ jfc" f°™*™ associated 

run or toq_mca Jun signals may be used asynchronously to ™ th ™f °» mitaated by a device on the PCI bus. 

indicate that a transaction may be tried on the PCI bus. By The QPIF slave state macbane 25W controls operation of the 

_^ if _ / address and data latching logic 2506. When a new transac- 

converting the new_mca_run and toq_mca_run signals ™ 7:! ~ J , A* ^ u • - V TaT *u rsmT*Z 

into asynchronous run signals, the MCA controller saves a *» *f f ted °° the iH bus * mtea ** for Q ™! ^ 

PQ clock wait state. When the new_valid_set signal is 25 slave state machine 2502 asserte an adtoss phase latehing 

asserted by the MCA control block and the TOQ is not s * na H n f~ ^ ^Tf)u^ g u^ u^T 

n ' f u„ jj-^.m nnA phase information should be latched from the PCI bus. At 

enabled (!toq_enabled), the async_mca_run_dr[3:0J and f . 

v xi m ■ i * i *u i * the next falling edge of the PCI clock signal, the assertion of 

async mca run pmwi 3 :0 signals take on the values of A , . A * to „ ° . . ^ ' . , ,, 

the new_mca_run_dr[3:0] and new_mca_run_pm W [3:0] "f regJatch_lirst request signal causes a delayed address 

signals, respectively. Otherwise, the asynchronous run sig- 30 P hase ^tahing signal (dly^gJatch^Ljequest) I to be 

nals take on the values of the toq_mca run <hf3:0] and »f ert " 1 - When onginal and the delayed address 

toq_mca_rur,_pmw[3:0] signals. The MCAcontroller uses P hase latchl ?S ««™* are asserted, the latclung logic. 2506 

gate 2404 and multiplexers 2406 and 2408 to generate the B ™ e "i^ a ^ f S,gnal ( lat f l hl > • 2508 ^ 

asvehronous run si als ^ 2510 are arranged to generate the first latching signal in 

V.« , , . ic this manner. 

When a PCI bus master has completed a transaction *" ^ , . . , . , , 

„-*'c n „ » 4 „ • a\ *u. tdh •„ ♦ The latching logic 2506 loads the address phase lnforma- 

(sl_q2pif_cyc_complete is asserted), the TRQ is not nA u / - *u nr-r * * -c \ • * *u 

empty (!trq_empty) and is configured for operation in the *™ from k the ra bus me J™ ,nt f rfa ^) mto ^ 

zero retry mode (Icfg2q_infretry), and either a new trans- address , ^ r K ^ ieTS when ^ fiist latching signal is 
action has popped out of the TOQ (new^oq^cycle) or the ^. ^ 1 ^^i- 15 \ t ? my " b i l 

TOQ is not enabled (!toq_enabled) and the MCA has 2 ^ ^ «^«^oftte™tta» 

received a new cycle to be validated (new_valid„set), the ** l0Q /™™ u ^^&ff^ d, Uie address 

MCA cannot select a cycle to run on the PCI bus, so both the ^?° m <p2qjdpl:2]) is loaded into 

mca_run_dr[3:0] and mca run_pmw[3:0] signals are set f address register 2512. The ^» ^ e r 2SU outputs 

to "0000". Otherwise, if the TOQ^emJty (irqlpmpty) and te ^ ^ QPIF (q2pif_addr[31^ The 

either a new transaction has popped out of the TOQ (new 45 second register^ * a four bit command renter 2514 that 

toq_cycle) or the TOQ is not enabled (!toq_enabled) and ^ ^ I ™T*u £>n / ^ 

the MCA has received a new cycle to be validated (new__ ^ ° command signal (q2pif_ 

vaUd set), then the mca_run_dr[3:0] and mca run_j,mw ^ * a &l0t fT™ 

[3:0]^ignak take on the value of the asynchronous run rc ^ r . *?*™** p2q_slot[2:0] signal mdicat- 

signals, async mca_run_dr[3:0] and async mca run *> J?^ ^ tn e cment bus ma^er and outputs 

prnw[3:0]/resp"ectively. OthVrwii, the mcalrun_ir[3:6] me QPIF ^ (q2prf_slot[2:0D- 
signal takes on the value of the trq_mca_run_dr[3:0] When the P hase of ^ PCI transaction ends, the 

signal and the mca_run_pmw[3:0] signal takes on the value sIave state machine 2502 asserts a data phase latching signal 

of the trq_run _pmw[3:0] signal ANDed with validation (re&_latch_second_request) indicating that the data phase 

request signal from the PMWQ (pmwq_valid[3:0]). Gates 55 formation should be latched from the PCI bus. At the next 

2410, 2412, 2414, 2416, and 2418 and multiplexers 2420, falling edge of the PCI clocksignal, the asserted reg_latch_ 

2422, 2424, and 2426 are arranged to generate the MCA run first_request signal causes a delayed data phase latching 
signals in this manner. (dly_reg_latch_second_request) to be asserted. 

When both the original and the delayed data phase latching 

The Queue-Block-To-PCI-Interface (QPIF) ^ signals are asserted, the latching logic 2506 generates a 

Referring again to FIG. 4 and to FIG. 75, the QPIF 148 second latching signal (latch2). Flip-flop 2518 and gate 2520 

governs the flow of transactions between the queue block are arranged to generate the second latching signal in this 

127 and the PCI bus 32. The QPIF 148 also delivers manner. 

transactions initiated on the PCI bus 32 to the cable interface The latching logic 2506 then loads the data phase infor- 

130. The QPIF 148 operates in two modes: master mode and 65 mation from the PCI bus (via the PCI interface) into three 

slave mode. In the master mode, the QPIF 148 has control data phase registers when the second latching signal is 

of the PCI bus and therefore executes transactions intended asserted. The first data phase register is a thirty-two bit data 



6,032,271 

33 34 

register 2522 that receives the data associated with the or until the corresponding PCI device issues a non- 
current transaction on the PCI address/data lines (p2q_ad sequential request (i.e., misses the DCQ). Gates 2538 and 
[31:0]) and outputs the QPIFdata signal (q2pif_data[31:0]). 2540 are arranged to generate the general_flush signal in 
The second data phase register is a four bit enable register this manner. 

2524 that receives enable bits from the PCI bus (p2q_cbe 5 When a multi-threaded device has more than one comple- 

[3:0]) and outputs the QPIF byte enable signal (q2pif_ tion buffer allocated, at least one of which contains prefetch 

byte__en[3:0]). The third register is a three bit lock register data, the prefetch data remains in the corresponding buffer 

2526 that receives the PCI lock signal (p2q_Iock) indicating as long as the device does not issue a request that misses all 

that the current transaction should be run as a locked of the DCQ buffers. As soon as the device issues a new 

transaction and outputs the QPIF lock signal (q2pif_lock). 10 request, all of its prefetch buffers are flushed. Alternatively, 

Referring again to FIG. 75 and also to FIG. 77, the QPIF a prefetch buffer associated with a multi-threaded device 

includes a "lock" logic block 2528 that controls the "lock" could be flushed as soon as the device issues a request that 

state of the QPIF. The QPIF has three lock states: an hits another DCQ buffer. 

unlocked state 2530 (lock_state[l:0]="00") that indicates Referring again to FIG. 75, the QPIF includes a read 
that no locked transactions are pending in the DCQ; a locked 15 command logic block 2542 that receives read commands 
state 2532 (lock_state[l:0]="01") indicating that a locked from the PCI interface and prefetch commands from the 
transaction has been received in the DCQ or is completing DCQ and provides an outgoing message command signal 
on the PCI bus; and an unlocked-but-retry state 2534 (lock_ (message„cmd) to the cable. In non-streaming situations, 
state[l:0]="10") that indicates that the lock has been the outgoing message command may be same as the corn- 
removed but that a posted memory write transaction pending 2 o mand received from the PCI bus or the DCQ, or the read 
in the other bridge chip must be run before the next command logic 2542 may convert the command into one 
transaction can be accepted involving a greater amount of data. Because transactions 
At power-up and reset, the lock logic 2528 enters the executed dword-by-dword take longer to complete on the 
unlocked state 2530 and waits for a locked transaction to host bus than transactions involving an entire cache line of 
enter the DCQ (indicated by the assertion of the deq locked 25 data, and because single cache line transactions take longer 

signal). At the first clock pulse after the deq locked signal to complete on the host bus than multiple cache line 

is asserted, the lock logic enters the locked state 2532, which transactions, the read command logic often promotes 
forces the QPIF slave state machine 2502 to retry all "smaller" commands into "larger** ones to reduce the mini- 
transaction requests from the PCI bus. The PCI interface ber of clock cycles consumed by the transaction ("read 
also asserts a lock signal (p2q_lock) that indicates it has 30 promotion"). For example, when a device on the secondary 
locked the PCI bus for the transaction. After the locked PCI bus issues a memory read command and then asks for 
transaction has completed and the requesting device has every dword of data in a cache line, the read command logic 
retrieved the locked completion data from the DCQ, the 2542 is able to reduce the host latency by promoting the PCI 

deq locked signal is deasserted. At the first clock pulse after command to a memory read line, which allows the upstream 

the dcq_locked is deasserted, while the p2q lock signal is 35 chip to read the entire cache line of data at once instead of 

still asserted, if no posted memory writes are pending in the reading each dword individually. 

other bridge chip (i.e., the pmw_empty signal is asserted by Referring also to FIG. 79, when the DCQ indicates that a 
the cable decoder), the lock logic 2528 returns to the read stream has been established (i.e., dcq_stream_connect 
unlocked state 2530 and the slave state machine 2502 again is asserted), as discussed above, the read command logic 
is able to accept transaction requests. However, if the 40 2542 generates a message command of "1000", which 
pwm_empty signal is not asserted at the first clock pulse informs the upstream chip that a stream is occurring. When 
after the dcq_lock signal is deasserted, the lock logic 2528 no stream has been established, the read command logic 
enters the unlocked-but-retry state 2534, which forces the 2542 must decide whether to send a memory read, memory 
slave state machine 2502 to retry all transactions until the read line, or memory read multiple command. If the com- 
posted memory write cycle is completed on the other PCI 45 mand received from the PCI bus is a memory read (MR) 
bus. After the posted memory write cycle is complete, the command (q2p_cmd[2:0] equals "0110") and the corre- 
pwm_empty signal is asserted, and the lock logic 2528 sponding memory-read-to-memory-read-line promotion bit 
returns to the unlocked state 2530. (cfjg2q_mr2ymrl) in the configuration registers is set, the 
Referring again to FIG. 75 and also to FIG. 78, the QPIF read command logic 2542 generates a memory read line 
includes buffer flush logic 2536 that determines when the 50 command ("1110"). On the other hand, if the PCI command 
DCQ should flush data from one or all of its data buffers. As is a memory read command and the corresponding memory- 
discussed above, the PCI interface in the downstream chip read-to-memory-read-multiple bit (cfg2q_mr2mrm) is set, 
generates a p2q_flush signal when the upstream chip issues or if the command is a memory read line command (q2pif_ 
an I/O or config write or a memory write that hits the target cmd[3:0] equals "1110") from the PCI bus or a prefetch line 
memory range register (TMRR) of a downstream device. 55 command (dcq_prefetch_Jine is asserted) from the DCQ 
The QPIF buffer flush logic 2536 asserts a QPIF flush signal and the corresponding memory-read-line-to-memory-read- 
(general_flush) that flushes the corresponding data buffer or multiple bit (cfg2q_mrl2mrm) is set, or if the command is 
all data buffers (depending upon the value of the p2q_slot a prefetch multiple command (dcq_prefetch_mul) from the 
signal, as discussed above) when the p2q_flush signal is DCQ, the read command logic 2542 generates a memory 
received. Otherwise, the buffer flush logic 2536 asserts the 60 read multiple command (i.e., message_cmd equals "1100"). 
general flush signal only when a device on the secondary bus If the command is a prefetch line command and the corre- 
issues a delayed request that misses all of the DCQ buffers sponding memory-read-line-to-memory-read-multiple bit is 
when checked by the DCQ control logic (i.e., !dcq_hit and not set, the read command logic 2542 generates a MRL 
q2pifL_check_cyc are asserted). In either case, the general_ command ("1110"). Otherwise, the read command logic 
flush signal is used to flush only buffers that are in the 65 2542 outputs the received PCI command (q2pif_cmd[2:0]) 
"prefetch" state, as discussed above. Therefore, prefetch as the message command signal. Gates 2544, 2546, 2548, 
data is held in the DCQ until the PCI interface orders a flush 2550, 2552, 2554, 2556, and 2558 and multiplexers 2560, 
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2562, and 2564 are arranged to generate the message__cmd 
signal in this manner. 

Referring again to FIG. 75, when the QPIF is operating in 
the master mode and has received control of the bus to run 
a transaction stored in the PMWQ, a write command logic 
block 2566 generates the command code that is executed on 
the PCI bus. To reduce transaction time as discussed above, 
the write command logic can convert memory write (MW) 
commands, which involve data transfers one dword at a time 
into memory write and invalidate commands (MWI), which 
involve transfers of at least one entire cache line of data. The 
write command logic block 2566 can convert a command 
midstream when, e.g., the transaction begins as a memory 
write in the middle of a cache line and contains data crossing 
the next cache line boundary and including all eight d words 
of data in the next cache line. In this situation, the write 
command logic 2566 terminates the memory write transac- 
tion when it reaches the first cache line boundary and 
initiates a memory write and invalidate transaction to trans- 
fer the next full cache line of data. The write command logic 
2566 also may terminate a MWI transaction midstream in 
favor of a MW transaction if less than a cache line of data 
is to be written to the target bus after a cache line boundary 
is crossed. 

Referring again to FIG. 75 and also to FIG. 80, the slave 
state machine 2502 also maintains two counters that indicate 
when a posted write transaction initiated on the PCI bus 
should be terminated. A 4K page boundary counter 2594 
generates a page count signal (page__count_reg[ll:2]) that 
indicates when data transferred from the PCI bus reaches a 
4K page boundary. Because a single memory access is not 
allowed to cross a 4K page boundary, the posted write 
transaction must be terminated on the initiating bus when a 
boundary is reached. The 4K page boundary counter 2594 is 
loaded with the third through twelfth bits of the transaction 
address (q2pif__addr[ll:2]) when the state machine asserts a 
load_write „counter signal (the circumstances surrounding 
assertion of this signal are discussed in more detail below). 
The counter 2594 then increments by one at the rising edge 
of each clock pulse after the load_write_counter signal is 
deasserted. The counter 2594 is not incremented on clock 
pulses during which the initiating device has inserted an 
initiator wait state (i.e., p2q_irdy asserted). The output of 
gate 2592 determines when the counter is allowed to incre- 
ment. When all bits in the page_count_reg[ll:2] signal are 
high, a 4K page boundary has been reached and the slave 
state machine must terminate the posted write transaction 
and retry the initiating device. 

A dword counter 2598 generates a pmw_counter[5:0] 
signal that indicates the number of d words written from the 
initiating bus during a posted write transaction. The pmw__ 
counter[5:0] signal then is used to indicate when an overflow 
has occurred or when the last line of the transaction has been 
reached, as discussed below. When the slave state machine 
2503 asserts the load_write_counter signal, the third 
through fifth bits of the address signal (q2pif_addr[4:2]) are 
loaded into the lower three bits of the counter 2598, while 
the upper three bits are set to zero. This address offset 
indicates at which dword in a cache line the posted write 
transaction has started. The counter 2598 then increments by 
one at the rising edge of each clock pulse after the load_ 
write_counter signal is deasserted. The counter 2598 is not 
incremented on clock pulses during which the initiating 
device has inserted an initiator wait state (i.e., p2q_irdy 
asserted). The output of gate 2596 determines when the 
counter is allowed to increment. When all bits in the 
pmw_counter[5:0] signal are high, the posted write has 
reached the end of the eighth cache line. 
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Referring to FIGS. 81A through 81C, the write command 
logic block 2566 generates a four bit write command signal 
(write_cmd[3:0]) indicating the command code of the 
posted write transaction to be executed on the PCI bus. If the 

5 command code stored in the PMWQ represents a memory 
write and invalidate command (pmwq_cmd[3]=»"l M ), the 
write command logic 2566 generates a write command code 
of "1111". If the PMWQ command code represents a 
memory write command, the write command logic 2566 

10 looks at the memory-write-to-memory-write-and-invalidate 
configuration bit (clg2q_mw2mwi) corresponding to the 
target PCI slot. If the cfg2cj_mw2mwi bit is not set, the 
write command logic 2566 produces a memory write com- 
mand ("0111"). If the configuration bit is set, the write 

l5 command logic 2566 generates a MWI command if the next 
line in the PMWQ data buffer is full (pmwq_fulL_line is 
asserted) and generates a MW command otherwise. Multi- 
plexers 2568 and 2570 are arranged to generate the write 

cmd signal in this manner. 

20 When the QPIF is executing a transaction on the PCI bus 
and has reached a cache line boundary, the write command 
logic 2566 may assert a new_write_jcmd signal indicating 
that the current transaction must be terminated in favor of a 
new write command. If the transaction has reached the last 

25 cache line in the PMWQ data buffer (i.e., pmwq_po inter 
[5:3] equals "111"), the new_write command signal is 
asserted to indicate that the transaction should be terminated 
if the next PMWQ buffer is not an overflow buffer contain- 
ing valid data, if the corresponding cfg2q_jnw2mwi bit is 

30 not set, or if the full _Jinc bits corresponding to the current 
cache line and the next cache line are different (i.e., pmwq_ 
full_line[7] does not equal pmwq_next_full_line). If the 
transaction has not reached the end of the PMWQ buffer, the 
new__write__cmd signal is asserted either if the next line in 

35 the PMWQ buffer does not contain valid data (!pmwq_ 
valid_lines[x+l]) or if the cfg2q_mw2mwi bit is set and 
the full line bits for the current line and the next line are 
different (i.e., pmwq_full_line[x] does not equal pmwq_ 
full_Jine[x+l]). Gates 2572, 2574, 2576, 2578, and 2580 

40 and multiplexer 2582 are arranged to generate the new_ 
write command signal in this manner. 

After the new_write_cmd signal is asserted, the trans- 
action is not terminated until the write command logic block 
2566 asserts a synchronous new write command signal 

45 (held new_write_cmd). The held _new_write_cmd sig- 
nal is asserted at the first clock pulse after the new_write 

cmd signal is asserted and the end_ofL_line signal is 
asserted indicating that the end of the cache line has been 
reached, as long as the PCI interface has not terminated the 

50 transaction (i.e., p2q_jstart__pulse is asserted). The held 

new_write command is deasserted at reset and at the first 
clock pulse after the new_write_cmd, end_of_Jine, and 
p2q start pulse signals are deasserted and the QPIF ter- 
minates the transaction (i.e., the asynchronous early_cyc 

55 complete signal is asserted). Otherwise, the held new 

write_cmd signal retains its current value. Gates 2584 and 
2586, inverter 2588, and flip-flop 2590 are arranged to 

generate the held new_writc cmd signal in this manner. 

Referring again to FIG. 75 and also to FIG. 82A, the QPIF 

60 includes an overflow logic block 2600 that allows the master 
state machine 2500 to manage overflow data, if any, when 
executing a posted write transaction on the target bus. When 
the QPIF receives a transaction run signal (mca_mn__pmw 
or mca_run_dr, discussed above) from the MCA, the 

65 overflow logic 2600 generates a two bit initial queue selec- 
tion signal (start_queue_select[2:0]) indicating which of 
the buffers in the PMWQ or DRQ should be selected to run 
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the current transaction. The following table shows how the to the target PCI device is set. Gates 2618 and 2620 are 
start_queue_select signal is generated. arranged to produce the align read signal in this manner. 



5 

Creation of start_qneue_selcct signal 



MCA Run Code 
{mca_jTin_pmw, mca_run_dr} 


starL_queue__select 


00000001 


00 


00000010 


01 


00000100 


10 


00001000 


11 


00010000 


00 


00100000 


01 


01000000 


10 


10000000 


11 



10 



15 



When the QPIF is executing a posted write transaction on 
the target bus, a two bit QPIF queue selection signal 
(q2pif_queue_select[l:0]) is used to select the appropriate 20 
buffer in the PMWQ. When the transaction is initiated, the 
master state machine 2500 asserts a queue selection signal 
(initial_qucue_select) that causes the q2pif_queue_select 
signal to take on the value of the initial queue selection 
signal (start_queue_select). At the same time, a queue ^ 
selection counter 2602 is loaded with the value of the 
start_queue_select signal. After the initial_jqueue_select 
signal is deasserted, the q2pifLjqueue_select signal takes on 
the value of the count_queue_select signal generated by the 
counter 2602. When the posted memory write transaction 30 
overflows into the next PMWQ buffer, the master state 
machine 2500 asserts an increment queue selection signal 
(inc__queue_jselect) that causes the counter 2602 to incre- 
ment by one. As a result, the q2pif_select signal is incre- 
mented and the next buffer in the PMWQ is selected to 35 
continue the transaction. Multiplexer 2604 determines the 
value of the q2pif_queue select signal. 

Referring also to FIG. 82B, the overflow logic 2600 assets 
an overflow_next__queue signal when the master state 
machine 2500 should continue pulling information from the 40 
next PMWQ buffer during a posted memory write transac- 
tion. Using the q2pif_queue_jselect[l:0] signal to deter- 
mine which PMWQ is currently selected, the overflow logic 
2600 asserts the overflow__next_queue signal when the 
valid bit (pmwq jvalid) and the overflow bit (pmwq__ 45 
overflow) corresponding to the next PMWQ buffer are set. 
The pmwq_valid and pmwq__overflow flags are discussed 
above. Gates 2606, 2608, 2610, and 2612 and multiplexer 
2614 are arranged to generate the overflow_next_queue 
signal in this manner. 50 

Referring again to FIG. 75, the QPIF includes a read align 
logic block 2616 that allows the QPEF to correct misaligned 
memory read line and memory read multiple transactions. 
Read line correction occurs when the QPIF, while operating 
in the master mode, receives a MRL or MRM transaction 55 
that begins in the middle of a cache line. To reduce trans- 
action time, the QPIF begins the read transaction on the 
cache line boundary and ignores the unrequested dwords 
instead of individually reading only the requested dwords of 
data. 60 

Referring also to FIG. 83, the read align logic 2616 
activates the read alignment feature by asserting an align__ 
read signal. This signal is asserted when the command stored 
in the corresponding DRQ buffer is a memory read line or 
memory read multiple command (i.e., drq_cmd[3:0] equals 65 
"1110" or "1100", respectively), and when the read align- 
ment configuration bit (cfg2q read align) corresponding 



Referring also to FIGS. 84A through 84C, the read align 
logic 2616 includes a read alignment down counter 2622 
that counts the dwords from the cache line boundary and 
indicates when the master state machine 2500 reaches the 
first requested dword. The counter 2622 includes a state 
machine 2624 that controls the operation of the counter 
2622. 

At reset, the counter 2622 enters an IDLE__CNT state 
2626 in which no counting occurs. When the MCA instructs 
the QPIF to run a delayed request transaction on the PCI bus 

(i.e., when any bits in the mca run_dr[3:0] are asserted), 

the QPIF asserts a delayed request run signal (any_drq__ 
run) indicating that it is attempting to run a delayed request 
transaction. While the counter is in the IDLE_CNT state 
2622, its three bit output signal (throw_cnt[2:0]) is loaded 
with the dword offset of the transaction address (drq_addr 
[4:2]) when the any_run_drq signal is asserted and the 
QPIF gains control of the PCI bus (i.e., p2q__ack is 
asserted). Gate 2623 generates the load enable signal. Then, 
at the rising edge of the next PCI clock cycle, the counter 
2622 enters the COUNT state 2628. If the transaction begins 
at a cache line boundary, the dword ofiset equals "000" and 
no count is needed. When read alignment is activated, the 
master state machine 2500 begins each MRL and MRM 
transaction at the cache line boundary, regardless of the 
actual starting address. 

While in the COUNT state 2628, the counter 2622 dec- 
rements by one on every clock pulse as long as the p2q_ack 
signal is asserted, throw_cnt has not reached zero, the 
transaction is in the data phase (i.e., the asynchronous signal 
eary__data_phase is asserted), and the target device has not 
issued a target ready wait state (!p2q__trdy). Gate 2625 
determines when the counter is decremented. If the PCI 
interface takes the bus away from the QPIF (p2q_ack is 
deasserted) or if the data phase ends (early_data_phase is 
deasserted), the counter 2622 stops decrementing and reen- 
ters the IDLE_CNT state 2626. If the throw_cnt signal 
reaches "000" while the p2q_ack signal is still asserted, the 
counter 2622 stops counting and enters the DONE state 
2630. Otherwise, the counter remains in the COUNT state 
2628. 

When the counter reaches "000", the read align logic 2616 
asserts a read_data_start signal that instructs the master 
state machine 2500 to begin reading data from the target 
device. Comparator 2632 generates the read_data_start 
signal. After the read_data_start signal is asserted, the 
counter 2622 remains in the DONE state 2630 until the data 
phase ends (early_data_phase is deasserted). 

Referring to FIG. 85, the master state machine controls 
the operation of the QPIF when the QPIF is operating in the 
master mode. In the master mode, the QPIF executes posted 
write transactions and delayed request transactions on the 
PCI bus. The following table shows the events causing state 
transitions in the master state machine. 
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MASTER STATE MACHINE 



Current 
State 



Event 



Next State 



IDLE 

IDLE 
IDLE 
IDLE 

MASTER_DAC 



RDATA1 



RBURST 



WRETRY 
WSHORT_BURST 



WCOMPLETE 



A=(any_run& & !cable_busy && Ip2q__rnaster_dphase) 

||(any_run_drg && tc_dc_full) 

B: p2q^ack && q2p_dac__flag 

C: p2q_ack && any__drg_run 

D: p2q_ack && ! (q2p_dac _flag || any_drq_jun) 

E: p2q_ack && any_drq_run && p2q_start_pulsc 

F: p2q_ack && p2q_start pulse &&!any_drq_run 

G: !p2q__ack 

H: !p2q_ack 

I: p2q_ack && p2q_starL_pulse 

J: p2q_adc && !p2q_start-pulse 

K: !p2q__ack || p2q__retry \\ p2q_target_abort || 

(queue cyc_complete&& !(!p2q_last_dphase&& 

p2q_master_dphasc&& cd_stream&& stream_jnatch && 
!cfg2q_stream_disable)&& !p2q_trdy) || 
(read_page_disconnect&& Ip2q_trdy) 

L: p2q_ack && !p2q_jetry && !p2q_target_abort&& 
((read__page_disconnect&& p2q__trdy) j| (queue_cyc_ 
complete && ((!p2q_Jast dphase&& p2q_jnaster_dphase 
&& cd__stream && stream_jnatch && ! cfk2q_3tream_disable) 
|| p2q_trdy)) || !p2q_trdy || otherwise) 

M: !p2q_jick || p2q_jetry || p2q_taiget__abort || 
((queue_cyc_complete || held __new__write__cmd |j 

end of_line && new_write cmd || p2q last dphase 

II sl_p2q_last_dphase)&& !p2t^_trdy) 

N: p2q_ack&& lp2q_jetry && Ip2q_targeL_abort 
&& (qucue„cyc_complete [| held__new_write___cmd || 
end_o£_Jine && new_write_cmd || p2q__last_dphasc |] 
sl_p2q_last_dphasc)&& p2q_trdy 

O: otherwise 

P: !p2q_ack || (p2q_retry&&{p2q_trdy) || p2q__target_abort 

Q: p2q_ack && p2q_retry && p2q_trdy 

R: p2q__ack && !p2q_retry && !p2q_target__abort && 

(queue_cyc_complete || end_of_Jine && new_write_ 

cmd) && (!p2q_Jrdy || p2q_start_pulse) 
S: otherwise 
T. Always 

U: !p2q_ack |j p2q__retry || p2q_targe t abo it 

V: p2q_ack && !p2q_rctry && !p2q_target_abort 

&&((overflow _next_queue && !new_write_cmd 

&& !p2q_trdy) || !p2q__trdy) 
W: otherwise 

X: p2q_retry || p2q_target_abort || (! (overflow __next 

queue && !new_write_cmd && !p2q last dphase) && 
!p2q_trdy) 

Y: !p2q_retry &&!p2q_target_abort&& ((ovcrflow_ 

next_queue &&Inew__writc__cmd && lp2q last dphase) 
&&!p2q__trdy) 



IDLE 

MASTERJDAC 

RDATA1 

WDATA1 

RDATA1 

WDATA1 

IDLE 

IDLE 

RBURST 

RDATA1 

IDLE 



RBURST 



WDATA1 



WDATA2 

IDLE 

WRETRY 

WSHORT_BURST 



WDATA2 

mLE 

IDLE 

WCOMPLETE 



WSHORT _3URST 
IDLE 



WDATA1 



WCOMPLETE 



At reset, the master state machine enters an IDLE state 
2700 in which the QPIF awaits instructions to run a trans- 50 
action on the PCI bus. When the QPIF receives a run signal 
from the MCA (any_run is asserted when any bit in the 
mca___run_pmw signal or mca_run_dr signal is asserted), 
the cable is not busy delivering a message (!cable_busy), 
and the PCI interface is not trying to finish the previous 55 
transaction (!p2q_master_dphase), the master state 
machine attempts to run the transaction on the PCI bus. If the 
transaction is a delayed request transaction (any_run_drq is 
asserted) and the other chip does not have room for a 
delayed completion (tc_dc_Jull is asserted), the master 60 
state machine is not able to run the request and steps the 
MCA to the next transaction. Otherwise, if the PCI interface 
has given the QPIF control of the bus (p2q_ack is asserted), 
the master state machine begins to execute the transaction on 
the PQ bus. In the IDLE state 2700, the master provides the 65 
address phase information, discussed above, to the PCI bus. 
If the transaction to be run is a dual address cycle (q2pifl_ 



dac_Jlag is asserted), the master state machine enters a 
MASTER_DAC state 2702 in which the second half of the 
address information is provided. If the transaction is not a 
dual address cycle and is a delayed request transaction 
(any„run_drq is asserted), the master state machine then 
enters an RDATA1 read state 2704, in which the master state 
machine begins the data phase of the delayed request 
transaction. If the transaction is not a dual address cycle and 
is not a delayed request, it is a posted memory write 
transaction, so the master state machine enters a WDATA1 
write state 2706, in which the master state machine enters 
the data phase of the posted memory write transaction. 

In the MASTER_DAC state 2704-2, the master state 
machine provides the second half of the address phase 
information. Then, if the p2q__ack signal is still asserted and 
the transaction is a delayed request, the master state machine 
enters the RDATA 1 state 2704 when it receives the start 
signal (p2q_start_pulse) from the PCI interface. If the 
transaction is not a delayed request, the master state machine 
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enters the WD ATA1 state 2706 when it receives the PCI start transferred if the p2q_trdy signal remains asserted, 

pulse. The master state machine also initiates a delayed However, if the transaction is in the data phase and is not in 

completion message on the cable when the PCI start pulse is the last data phase (p2q_jnaster_dphase and !p2q_Jast_ 

received by asserting an asynchronous completion message dphase) and a stream has been established with the other 

signal (early_master_jsend_message). If the p2q_acksig- 5 Dr jdge chip (cd_stream and stream_match and !cfg2q_ 

nal has been deasserted by the PCI interface, the master state s tream_disable), the master state machine will remain in the 

machine returns to the IDLE state 2700 and waits to retry the RBURST phase indefinitely. When the QPIF is streaming, 

transaction. me master stale machine asserts a streaming signal (q2pif_ 

Hie RDATA1 state 2704 is the initial state for delayed streaming ) mat forces me Qprp to continue to provide data 

read and delayed write requests. In this state, the master state 10 to me requesting device on the other PCI bus until that 

machine waits for the PCI start pulse before entering an device terminates the transaction. 

RBURST burst data phase 2708. When the state machine T - - , . , . . , , tU 

firstentersmelUW^^ If the P 2o^ack signal remains asserted and neither the 

message on the cable (if not already done in the MASTER_ P?*-*** p2q target_abort, or queue cyc_complete 

nAi- S ^ ->7M\ ;e*u~ ^ ,v a^^^a u„ #k» signals are asserted, the master state machine looks at the 

DAC state 2702). Then, if the p2q_ack is deasserted by the % . . , _ ' . t , . Jt . . 4 

. _ ' \ 4 ~ . • * *u 15 p2q_trdy signal. If the signal is not asserted, indicating that 

PCI interface, the master state machine terminates the v\ : , . . . , * 4U i \ • t -j * 

, u xjr „ A ... . , . the target device has taken or provided the last piece of data, 

transaction, steps the MCA to the next transaction, and 4 . & . . . r. „* j ♦ • i / i 

. 9 <ny n . 4 ~ 4 . . * nr ^ t the master state machine asserts its next data signal (early 

reenters the IDLE state 2700. Otherwise, when the PCI start ^ , . . .. . . 4 4U ^ 4 . <T v , J ~ 

. 4 . 4 . . . * * *i_ next__data), which mdicates that the QPIF is ready to 

pulse appears, the master state machine prepares to enter the 4 V 7 ' . c , , „, _ , , - * • 

nmmcT' * * T f .l s\mr • j- * *u j r *u transfer another piece of data. The next data signal is 

RBURST state 2708. If the QPIF mdicates the end of the - n _ , , 4 A . . A ^ 

, i * \ -c*u * _** u 20 asserted only if the transaction is not a corrected read 

transaction (queue_cyc_complete) or if the transaction has , , . 4 ^ JX At _ A 

% j ^ u j / j ~. • (augn_j"ead is not asserted) or if the transaction is a cor- 

reached a 4K page boundary (read page disconnect is v r"T^ ■, * ^ • i «_ . 

. , . 11 u * * *u \j jjj-V7-n * i rected read and the read_data__start signal has been 

asserted because all bits m the drq_addr[ 11:21 signal are ^ , T , iL „ , , . — . A , . ,. . . 

,* 4l _ 4 4 . * * * . *i_ r\Tirr* cl~ asserted. If the p2q__trdy signal is asserted, mdicatmg that 
high), the master state machine deasserts the QPIF s frame_ . . . v 1 - J T". i * j * * r ^ * * 

. 7 ; * • . tl _ 4 it _ _^ . r j * ■ *u i « the target has not performed the last data transfer, the state 
signal and mdicates that the next piece of data is the last - c t . . - nmm(vr x , 

. / , t F lt , . . 25 machine remains m the RBURST state 2708. 

piece (asynchronous signal early _last_master data is 

asserted) before entering the RBURST state 2708. The In me WDAXA1 state 2706, the master state machine 

master state machine also asserts an asynchronous early__ be&ns the data phase of a posted memory-write transaction. 

master_Jastline signal, indicating that the last line of data If the P 2( l— ack fe deasserted or the p2q_retry or 

has been reached, if the read_page_disconnect_Jastline 30 p2q_target_abort signals are asserted while the master state 

signal is asserted or if the DRQ last line signal (drq_Jastline) machine is in this state, the transaction is terminated on the 

is asserted and the QPIF has not received a streaming signal PCI bus and tbe s^te machine returns to the IDLE state 

from the other bridge chip (cd_jstream or stream__match are 2700 ; When the p2q_ack signal is deasserted, the MCA 

not asserted or cfq2q__stream„disable is not set). If the PCI remains on the current cycle; otherwise, the master state 

start pulse is not asserted, the master state machine remains 35 machine steDS the MCA to me next transaction. 

in the RDATA1 state 2704 until the QPIF terminates the If the p2q ack signal remains asserted and the transaction 

transaction or a 4K page boundary is reached, which will is neither retried nor aborted, the master state machine must 

return the state machine to the IDLE state 2700, or until the determine whether the write involves a single dword or more 

PCI start pulse appears, which forces the state machine to than one dword. If in the WDATA1 state the queue_cyc__ 

enter the RBURST state 2708. ^ complete signal is asserted, the held new write command 

In the RBURST state 2708, the master state machine signal is asserted, the end_oLJine and new_write_cmd 

bursts data to the PCI bus. If a completion message has not signals are asserted, or the transaction has reached the last 

yet been initiated, the master state machine initiates a dword of data, the transaction involves a single word. In this 

completion message upon entering the RBURST state 2708. situation, the transaction terminates and the state machine 

Then, if the p2q_ack signal is deasserted, or if the QPIF 45 returns to the IDLE state 2700 only when the target took the 

transaction is retried by the PCI interface (p2q _retry is last piece of data (!p2q_trdy). Omerwise, me state machine 

asserted), or if the PCI interface aborts the transaction remains in the WDATA2 state 2710. If the transaction 

(p2q_target_abort is asserted), the master state machine involves more than one dword of data, the master state 

terminates the transaction on the PCI bus, aborts the comple- machine enters a WDATA2 burst data phase state 2710. Just 

tion message on the cable, and returns to the IDLE state. 50 before entering the WDATA2 state, the master state machine 

When the p2q_ack signal is taken away, the master cycle inserts a q2p_Jrdy wait state if the overflow„next_queue 

arbiter continues to select the current transaction. But when signal has been asserted. 

the transaction is retried or aborted, the master state machine In the WDATA2 state 2710, the master state machine 

steps the MCA to the next transaction. bursts data to the PCI bus. If the p2q_ack signal is deas- 

While the p2q_ack signal is still asserted and the QPIF 55 serted or the transaction is aborted by the PCI interface, the 

transaction is not retried or aborted, the master state machine transaction is terminated in the QPIF and the master state 

nevertheless terminates the transaction and returns to the machine reenters the IDLE state 2710. If the transaction is 

IDLE state 2700 if a 4K page boundary is reached and the retried by the PCI interface but the PCI interface took the 

PCI interface indicates that the target device has stopped data provided (!p2q__trdy), the master state machine reen- 

taking data (p2q_trdy is no longer asserted). If the target 60 ters the IDLE state 2700. Otherwise, the state machine 

device took the last piece of data, the master state machine enters a WRETRY stepback state 2712 that steps the PMWQ 

remains in the RBURST state 2708. out pointer back to the previous piece of data by generating 

If the QPIF asserts the queue_cyc__complete signal indi- the stepback signal discussed above. From the WRETRY 

eating that the transaction has completed, the master in state 2712, the state machine always reenters the IDLE state 

general will terminate the transaction and return to the IDLE 65 2700. 

state 2700 if the p2q_trdy signal is deasserted or remain in If the p2q_ack signal remains asserted and the transaction 

the RBURST state 2708 until the last dword of data is is neither retried nor aborted, the master state machine 



6,032,271 

43 44 

determines whether the transaction is complete. If the QPIF then enters the WCOMPLETE state 2716 if the last piece of 

indicates the end of the transaction (queue_cyc__complete data was taken by the target device or remains in the 

is asserted) or the end of a cache line is reached and a new WSHORT_BURST state 2714 otherwise, 

write command is needed (end_of_line and new__write 

command are asserted), the state machine enters a 5 In the WCOMPLETE state 2716, the master state 
WSHORT_BURST state 2714 when either the last piece of machine terminates the posted memory write transaction, 
data was taken (!p2q_trdy) or the PCI start pulse is joe state mac hine enters the IDLE state 2700 if the trans- 
received. In either case, only two dwords of data must be ^- . , . , . . . . ni ™ . . - Tr 4 . 

* *i_ n^-iL • . . i_* * action is retried or aborted by the PCI interface. If the 

written to the PCI bus. Otherwise, the state machine remains .. . , , ^ „ ' 

in the WDATA2 state 2710. When the state machine enters transaction is retried, the PMWQ out pointer is incremented 

the WSHORT JURST state 2714, the QPIF frame_ signal onl y ^ H» tar g et device l <>ok the last piece of data. If the 

remains asserted if the transaction can overflow into the next transaction can overflow into the next queue, a new write 

queue and a new write command is not needed. command is not needed, and the transaction is not in the last 

In the WSHORT_J3URST state 2714, the master state data phase, the master state machine increments the queue 

machine prepares to write the final two dwords of data to the 15 selection counter and returns to the WDATA1 state 2706 to 

PCI bus. If the p2q„ack signal is deasserted or the cycle is continue the transaction from the overflow queue, as long as 

retried or aborted by the PCI interface, the state machine device took the last piece of data. If the target 

terminates the transaction and returns to the IDLE state device did not ^ me last piece of dataj me master state 

2700. When the PCI acknowledge signal disappears or the macnine remains m me WCOMPLETE state 2716. 

cycle is aborted, the master state machine asserts the step- 2Q 

back signal to indicate that the PMWQ out pointer should be If the transaction will not overflow into the next PMWQ 
stepped back to the previous dword. When the transaction is buffer, the master state machine terminates the transaction 
retried by the PCI interface, the out pointer is stepped back and returns to the IDLE state 2700 if the target took the last 
only if the target device did not take the last piece of data piece of data. Otherwise, the state machine remains in the 
(p2q„trdy is asserted). When the transaction is not termi- ^ WCOMPLETE state 2716 until one of the terminating 
nated and it can overflow into the next PMWQ buffer events discussed above occurs. 
(overflow___next__queue is asserted) and a new write com- 
mand is not needed, the master state machine keeps the Referring to FIG. 86, the slave state machine controls the 
QPIF frame signal asserted and then enters a WCOMPLETE operation of the QPIF when the QPIF is operating in the 
state 2716 if the target device has taken the last piece of data ^ slave mode - In ^ slave mode > ™e QPIF receives posted 
or stays in the WSHORT_BURST state 2714 otherwise. If write transactions and delayed request transactions from 
the transaction cannot overflow into the next queue or a new devices on the PCI bus and forwards the transactions to the 
write command is needed, the state machine de asserts the target bus through the cable. The following table shows the 
frame signal to indicate the end of the QPIF transaction and events causing state transitions in the slave state machine. 



SLAVE STATE MACHINE 



CURRENT 
STATE 



EVENT 



NEXT STATE 



SLAVE_JDLE A: p2q__qcyc && p2q_dacjflg && !p2q_perr SLAVE_JDAC 
B: p2q_qcyc && !p2q__dac_flag && pmw__jequest && PMW1 
!p2q__perr &&(!tc_pmw_full && !dcq_lockcd 
&& !lock^state[lD 

C: p2q_qcyc && !p2q_dac_flflg &&!pmw _jequest STEP_ J AHEAD 

&& !p2q__pcrr &&(mcnu_icad_linc || mem_rcad_jnul) 

&& (dcq_Jiit &&!dcq__no__data &&!lodLj5tate[lD 
D: p2q_qcyc &&!p2a_dac__flag &&tpmw_jequest SECOND_CHECK 

&& !p2q 13 pcrr &&!(mem_read_line j| menLjcad_mul) 
E; [p2q_qcyc &&!p2q_dac__fiag && pmw_request && SLAVE_IDLE 

!p2q_perr && ! (! tc_pmw_full&& !dcq_locked&& ! lock 

stateflD] |t [p2q_qcyc&&p2q_dac_flag&&p2q__pcrr] 

|| [p2q_qcyc &&!p2q_dac_flag&&!pmw_request&& 

(p2q_pcir) || ((mem read_line [| mem read_mul)&& 

!(dcq_Jut&&!dcq_no_data&&!lock^jstate(lI))] 

II otherwise 

SLAVE_DAC F: p2q_qcyc&&pmw_jcquest&& !pcrr && PMW1 

(ltc_pmw_full &&Mcq_locked&&tlock w stat4l]) 
G: p2q_qcyc &&!pmw_rcquest && Ip2q_perr && STEP_^AHEAD 

(mem_jcad I inc || mem_lread_mul)&& (dcq__hit 

&& !dcq_no_data && ! lock_state[l]) 
H: p2q_qcyc&&!pmw _rcquest&& tp2q_err && SECOND_CHECK 

!(mcm read_ I mem read mul) 

I: otherwise SLAVE_JDLE 
SECOND_aiECK J: !io_write && tconfig_write && Ip2q_perr && STEP_ J A1IEAD 
(dcq_hit && !dcq_no_data && Hock^_tstale[l) && dwr_check^_ok)_ 
K: otherwise SLAVE_IDLE 
STEP_AHEAD L: dcq_no_data HTT__DCQ_FINAL 

M: otherwise HIT _JXX? 
HTr_DCQ N: !p2q_qcyc SLAVE_JDLE 

O: p2q_qcyc&&(dcq__no_data&& !p2q_Jrdy 0 (pmw_countet{2] HTT_JXXi_J 7 INAL 
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-continued 



SLAVE STATE MACHINE 

CURRENT 

STATE EVENT NEXT STATE 

& &pmw_jcounter[l ] 

&& pmw_counter[0 | && read_disconncct_for_stream) 

P: otherwise HrT_DCQ 

HIT_JXX1_FINAL Q: !p2q_qcyc || !p2q_ixdy SLAVE—IDLE 

R: otherwise HIT__DCQ_FINAL 

PMW3 S: !p2q_qcyc SLAVE_IDLE 

T: otherwise PMW1 



At reset, the slave state machine enters an IDLE state 
2720, in which the QPIF waits for a transaction be initiated 
by a device on the PCI bus. If a transaction initiated on the 
bus does not target the QPIF (q2p_qcyc is not asserted), the 
slave state machine continues in the IDLE state 2720. When 
a transaction on the PCI bus does target the QPIF, the slave 
state machine enters a SLAVE_DAC dual address cycle 
state 2722 if the p2q_dac_flag is asserted and an address 
parity error has not occurred (p2q_perr_ is low). If the 
transaction is not a dual address cycle and is a posted 
memory write request, and if a parity error has not occurred 
in the address phase, the slave state machine loads the write 
counters (i.e., asserts load_write_counter) and determines 
whether it can accept the transaction. If the PMWQ in the 
other bridge chip is full (tc_dc_J\ill is asserted by the DC 
transaction counter) or the DCQ is locked (dcq Jocked is 
asserted) or the QPIF lock logic is in the unlocked -but-re try 
state (loct_state[l] equals "1") , the slave state machine 
terminates the transaction by asserting an asynchronous 
retry signal (early _re try) that is passed to PCI interface as 
q2pif__retry and remains in the IDLE state 2720. If the QPIF 
can accept the transaction, the slave state machine initiates 
the posted memory write message on the cable and enters a 
PMW1 state 2724, in which the transaction is forwarded up 
the cable. 

If the transaction is not a dual address cycle or a posted 
memory write request, the slave state machine loads the 
dword counter (asserts load_write_counter) and, if no 
parity error has occurred, analyzes the delayed request 
transaction. If the transaction is a MRL or a MRM transac- 
tion and the QPIF lock logic is not in the unlocked -but-re try 
state, the slave state machine asserts the QPIF check cycle 
signal (q2pif_cbeck^_cyc), which instructs the DCQ to 
compare the latched request to the delayed completion 
messages in the DCQ buffers. If the request hits a DCQ 
buffer that is not empty (dcq__hit and !dcq_no_data), the 
slave state machine enters a STEP_^AHEAD state 2726 in 
which the QPIF begins delivering the requested information 
to the PQ bus. If the MRL or MRM request misses all of the 
DCQ data buffers (!dcq_hit), the DCQ is not full (!dcq„ 
full), the delayed request queue in the other bridge chip is 
not full (!tc_dr _Jull), and the DCQ and QPIF are not locked 
(!dcq__locked and !lock_state[l]), the slave state machine 
asserts the q2pif_jetry signal, forwards the request down 
the cable, and remains in the IDLE state 2720. If the request 
misses the DCQ and the request cannot the sent down the 
cable, the QPIF simply retries the requesting device and 
remains in the IDLE state 2720. 

If the delayed request is not a MRL or MRM transaction, 
a second clock cycle is needed to check the request because 
the data or byte enables must be compared to the contents of 
the DCQ buffers, so the slave state machine enters a 



SECOND_CHECK state 2728. If a parity error occurs or if 
the lock logic is in the unlocked-but-retry state, the state 
machine retries the requesting device and remains in the 
IDLE state 2720. 

23 In the SLAVE_DAC state 2722, the slave state machine 
receives the second half of the address phase information. If 
the requesting device has not targeted the QPIF, the slave 
state machine ignores the transaction and remains in the 
IDLE state 2720. When the QPIF is the target device, the 

25 state transition events are the same as those in the IDLE state 
2720. Specifically, if the transaction is a posted memory 
write request and a parity error has not occurred, the slave 
state machine loads the write counters and determines 
whether it can accept the transaction. If the PMWQ in the 

30 other bridge chip is full (tc_4)mw_full is asserted), the DCQ 
is locked, or the QPIF lock logic is in the unlocked-but-retry 
state, the slave state machine retries the requesting device 
and returns to the IDLE state 2720. If the QPIF can accept 
the transaction, the slave state machine initiates the posted 

35 memory write message on the cable and enters the PMW1 
state 2724. 

If the transaction is not a posted memory write request, 
the slave state machine loads the dword counter and, if no 
parity error has occurred, analyzes the delayed request 

40 transaction. If the transaction is a MRL or a MRM transac- 
tion and the QPIF lock logic is not in the unlocked-but-retry 
state, the slave state machine asserts the QPIF check cycle 
signal. If the request hits a DCQ buffer that is not empty, the 
slave state machine enters the STEP_AHEAD state 2726. If 

45 the MRL or MRM request misses all of the DCQ data 
buffers, the DCQ is not full, the delayed request queue in the 
other bridge chip is not full (tc__dr_Jull is not asserted), and 
the DCQ and QPIF are not locked, the slave state machine 
asserts the q2pif_retry signal, forwards the request down 

50 the cable, and returns to the IDLE state 2720. If the request 
misses the DCQ and the request cannot be sent down the 
cable, the QPIF simply retries the requesting device and 
returns to the IDLE state 2720. 

If the delayed request is not a MRL or MRM transaction, 

55 a second clock cycle is needed to check the request because 
the data or byte enables must be compared to the contents of 
the DCQ buffers, so the slave state machine enters the 
SECOND_CHECK state 2728. If a parity error occurs or if 
the lock logic is in the unlocked-but-retry state, the state 

60 machine retries the requesting device and returns to the 
IDLE state 2720. 

In the PMW1 state 2724, the slave state machine forwards 
a posted memory write transaction through the cable to the 
target device. When the state machine first enters the PMW1 

65 state 2724, it deasserts the load_write_jcounter signal. If the 
dword counter indicates that the posted memory write 
transaction is in the last cache line (pmw_counter[53] 
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equals "111") and the PMWQ in the other bridge is full From the HIT_J)CQ state 2730, when the delayed 

(tc_pmw_full) and the write overflow feature is disabled request transaction terminates on the PCI bus before it 

(!cfe2q_write_overflow),orif the write__page_disconnect terminates in the QPIF (i.c., p2q_qcyc is deasserted), the 

signal is asserted because the transaction has reached a 4K sUUe macnine terminates the transaction in the QPIF and 
page boundary, or if the DCQ has asserted the dcq_ 5 asserts the stepback signal, which indicates that the DCQ out 

disconnect for stream signal and the write disconnect . t , ... , . , , _ iU . . - MnFAnin 

feature is not disabled (!cfe2q_wr_discnt Jisable), the P omler ^ * e decremented because theiast piece of data 

slave state machine asserts 1h7slave_lastline signal indi- ™ s not takea b y lhe requesting device^ The state machine 

eating that the current cache line will be the last to be men reenteIS me IDLE state 2720. If the DCQ buffer runs 

transferred. The slave state machine then remains in the out of data while the requesting device continues to request 
PMW1 state 2724 until the p2q_qcyc signal is deasserted, 10 it (dcq_no_data and !p2q__irdy), or in the pmw_counter 

indicating that the transaction has completed on the PCI bus. indicates that the last dword has been reached and the 

After leaving the PMW1 state 2724, the slave state machine read_disconnect_for_stream signal has been asserted, the 

reenters the IDLE state 2720. slave state machine retries the requesting device and enters 

In the SECOND_CHECK state 2728, the slave state the HTT_DCQ_FINAL state 2732. If the transaction ter- 

machine has the DCQ compare the second phase of request mmat es to establish a stream, the step back signal is asserted 

infonnation to the delayed completion infonnauon in the an(j ^ ^ of the riate DCQ buffer is 

DCQ buffers. If the transaction is not a delayed write request . . I 

• • dec re men ten 
(!io_write and !config_write) or there is no parity error 

(!p2q_perr), and if the DCQ is not locked and the dwr_ i n any 0 ther situation, the slave-state machine continues 
check^ok signal is asserted, the slave state machine asserts 20 tQ provide data m me HIT_DCQ state 2730. 

the q2pif_check__cyc. The dwr_check ok signal is 

asserted either when the transaction is not a delayed write In the HIT_J)CQ_pINAL state 2732, the slave state 

request or when it is a delayed write request and a p2q_irdy machine has one dword of data left to transfer. If the PCI bus 

wait state has not been inserted. If the request hits one of the terminates the transaction before the requesting device takes 
DCQ buffers and the buffer is not empty, the slave state 25 the last piece of data (i.e., p2q_qcyc is deasserted), the slave 

machine enters the STEP_^AHEAD state 2726. If the sta t e machine asserts the stepback signal and returns to the 

request misses all of the DCQ buffers but the QPIF can send IDLE state 2720. If the p2q_qcyc signal remains asserted 

the message down the cable, the slave state machine retries and me reque sting device has not asserted an initiator wait 

the requesting device, forwards mefransacUon down the ^ (!p2q „i r dy), the requesting device is retried because 
cable and reenters the ^IDLE sutc 2720 Otherw^e if the 3Q ^ lastpiece of datahasbeen taken. Hie state machine then 

request missed all of the DCQ buffers and the QPIF could mntm ^ mLE state 2720 . otherwise, the slave state 

not send the transaction down the cable, or if rred on a , . . . t . urr CTVAT . . 

, , , . 4 , 4 4 lL . - » machine remains m the HiT__DCQ_JFINAL state 2732. 
delayed write request, the state the requesting device and 

reenter the IDLE HEAD state 2726, the slave state machine Referring to FIG. 87, the cable message generator is a 
output pointer to the next dword. This immediately after a 35 state machine that creates cable messages from transaction 

DCQ buffer is hit interface latches the first dword of data the information obtained from the master and slave state 

!p2q_trdy signal. From the STEP _^AHEAD state 2726, the machines. In addition to an IDLE state 2740, the cable 

state machine enters a HTT_DCQ state 2730, in which data message generator also includes a dual address cycle 

is provided from the appropriate DCQ buffer to the request- (CABLE_DAC) state 2742, a master data phase 

ing device, if the last dword of data has not been taken. (MASTER_DPHASE) state 2744, and a slave data phase 

Otherwise, the state machine enters a HIT_DCQ_FI NAL (SLAVE_DPHASE) state 2746. The following table shows 

state 2732, in which the requesting device is retried because the events causing state transitions in the cable message 

the DCQ buffer contains no more data. generator. 



CABLE MESSAGE GENERATOR 



CURRENT 
STATE 



EVENT 



NEXT STATE 



CABLE_XDLE A: (send_jnessage && q2pi£_dac) I! ((dcq_prefetch_jnul [| CABLE_DAC 

dcq__prefetch_line) && dcq_prefetclx_dac) 

B: (send_messagc && !q2piC_dac) || ((dcq_prefetch_mnl |] SLAVE_DPHASE 

dcq__prefctch_Jinc) && ! dcq_prefetch_dac) || (dcq__strcam_ 

connect && !Q|diq_valid[3:0])) && (dcq_strcam_conncct | 

!p2q__ack || dcq_prcfctch_Jinc || dcq_prefetch_jnul) 

C (send _message && !q2pit_dac) || ((dcq_prefetcn_jrail [| MASTER_JDPHASE 

dcq_prefetch_Jine) && !dcq_prefetch_dac) || (dcq_^stream_conncct 

&& !(||drq__valid[3:0])) && !deq^strcanr_conncct && 

!(!p2q__&ck || dcq_prefctch_mul || deq .prefetch line) 

D: otherwise CABLE_JDLE 

CABLE_DAC E: !p2q__ack || dcq_pTcfetch_mul ]) deq^prcfetch^ ^ SIv\VE_DPHASE 

F: otherwise MASTER_DPHASE 

MASTER_DPHASE G: send^messagc &&q2pif_dac CABLE_DAC 

H: send_message && !q2pif_dac SLAVE_DPHASE 

I: lsend_message&&(early last_master_data && !p2q„trdy || CABLE_IDLE 

master_abort_cable) 

J: otherwise MASTER_DPHASE 

SLAVE DP HASH K; [! (dcq_stream_connect& & !(]]drq_validl3U])&&p2q_qcyc)] CABLE_JULE 

&&f[dly__read_requcst Q dly_single_write__rcquest || 
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-continued 




CURRENT 
STATE 


CABLE MESSAGE GENERATOR 

EVENT 


NEXT STATE 




dog prefetch mul || dcq prefetch line)] || 
L: early_last„slavc_data |j 

dcq^tream_ooiiiiect&&t(||drq__validt3K)I)&&p2q_qcyc and 
otherwise 


SLAVEJDPHASE 



At reset, the cable message generator enters the IDLE 
state 2740, in which it waits for transaction information to 
arrive from the master or slave state machines. From the 15 
IDLE state 2740, if the cable message generator receives a 
prefetch multiple signal (dcq_prefetch__mul) or a prefetch 
line signal (dcq_j)refetch_line), the cable address signal 
(early__cad[31:2]) equals the prefetch address signal (dcq_ 
prefetch__addr[31:2]). Otherwise the early__cad[31:2] signal 20 
takes on the value of the QPIF address signal (q2pif_addr 
[31:2]). When the cable message is initiated by the master 
state machine, the message is a delayed completion 
message, so the command code (earl y__ccbe[3 : 0]) equals 
"1001". When the cable message is initiated by the slave ^ 
state machine, the command code takes on the value of the 
message__cmd[3:0] signal, discussed above. 

If the send__message signal is asserted, indicating that 
either the master state machine or the slave state machine 
has initiated a message, and the corresponding transaction is 30 
not a dual address cycle, or if the cable message generator 
receives a prefetch request that is not a dual address cycle, 
or if the cable message generator receives a stream connect 
signal and no delayed requests from the CPU are pending in 
the downstream DRQ, the cable message generator asserts a 35 
sent_pmw signal that indicates that a posted memory write 
request from the PCI bus will be sent down the cable. The 
sent_pmw signal is not asserted if a stream has been 
established by the DCQ. The cable message generator 
asserts a sent_dr signal when a read request or delayed write 40 
request is received from the slave state machine or a prefetch 
signal is received and when a stream has not been estab- 
lished by the DCQ. 

If the DCQ has established a stream (dcq stream 
connect is asserted), the buffer number for the cable signal 45 
(early_cbuff[2:0]) takes on the value of the DCQ stream 
buffer (dcq_stream_bufl[2:0]), the cable command code 
(early_ccbe[3:0]) is set equal to "1000", and the cable 

message generator enters the SLAVE DPHASE state 2746. 

Otherwise, if the QPIF is in the. slave mode and the cable 50 
message generator receives either a prefetch multiple or a 
prefetch line signal, the cable buffer signal takes on the value 
of the DCQ buffer number (dcq_buf(2:0]) and the cable 
message generator enters the SLAVE_DPHASE state 2746. 
Otherwise, the QPIF is operating in the master mode and the 55 
cable message generator enters the MASTER_DPHASE 
state 2744. 

When the cable message generator receives the send 

message signal and a transaction that is a dual address cycle, 
or when it receives a prefetch request that is a dual address 60 
cycle, the message generator enters the CABLE _DAC state 
2742. For a prefetch signal, the cable address signal is set 
equal to the upper thirty two bits of the dcq prefetch addr 
[63:0] signal; otherwise, the cable address equals the upper 
thirty-two bits of the q2pif_addr[63:0] signal. Also, if the 65 
cable message generator receives the transaction from the 
slave state machine, the cable buffer number equals the DCQ 



buffer number; otherwise, the cable buffer number equals the 
DRQ buffer number (no completion messages are generated 
for posted memory write transactions). 

In the CABLE__DAC state 2742, the cable message 
decoder generates the second half of the address phase 
information. As in the IDLE state 2740, the cable address 
signal takes on the value of the prefetch address when the 
received transaction is a prefetch line or prefetch multiple 
request and takes on the value of the q2pi£_addr[31:2] 
otherwise. The sent_pmw signal is asserted when the mes- 
sage generator receives a posted memory write transaction 
from the slave state machine, and the sent_dr signal is 
asserted when it receives a prefetch request or a delayed 
request from the slave state machine. If a prefetch request or 
a request from the slave state machine is received, the cable 
message generator enters the SLAVE_DPHASE state 2746. 
Otherwise, the message generator enters the MASTER_ 
DPHASE state 2744. 

In the MASTER J)PHASE state 2744, the cable message 
generator attempts to send a delayed completion message 
down the cable. However, if the PCI interface grants the bus 
to a device on the PCI bus before the QPIF gets control of 
the bus, the cable message generator must leave the 
MASTER _J3PHASE state 2744 to send the newly received 
message. Therefore, if the send__message signal is asserted 
while the message generator is in the MASTER_D PHASE 
state 2744, the q2c_new_req signal is asserted to indicate 
the start of a new message. If the q2pif_dac_flag is 
asserted, the new transaction is a dual address cycle and the 
cable message generator enters the CABLE_DAC state 

2742. Otherwise, message generator enters the SLAVE 

DPHASE state 2746. 

If the send_message signal is not asserted, then the cable 
message generator is sending a delayed completion message 
from the master state machine. When the master state 
machine has completed the last data transfer with the PCI 
bus and the target device has acknowledged the transfer 
(!p2q_trdy), or when the master has aborted the transaction 
on the cable, the cable message generator asserts a sent_dc 
signal indicating that the delayed completion message was 
sent down the cable and reenters the IDLE state 2740. 
Otherwise, the message generator remains in the 
MASTER_DPHASE state 2744 and continues generating 
the delayed completion message. 

From the SLAVE_D PHASE state 2746, as long as a 
stream is established with the upstream chip, no delayed 
requests from the CPU are pending in the downstream DRQ, 
and the requesting device continues to send data to the QPIF 
(q2p_qcyc is asserted), the cable message generator 
remains in the SLAVE_DPHASE state 2746 and continues 
to forward the transaction from the requesting device. 
Otherwise, if the cable message generator receives a delayed 
request or a prefetch request, the cable message generator 
forwards the request and, in the case of a delayed write 
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request, the one dword of data to the upstream device and The PLLs are arranged in the layout to balance the IX and 

then enters the IDLE state 2740. Otherwise, the cable 3X clocks as closely as possible to minimize the skew 

message generator has received a posted memory write between them. 

request. In this situation, the cable message generator stays The PLL 184 or 180 generates a phase indicator signal 

in the SLAVE_DPHASE state 2746 and continues to for- 5 PCLKPHI1, which indicates to the master cable interface 

ward the posted memory write information down the cable 192 or 194 when the first phase of data should be presented 

until the early_Jast_slave_data signal is asserted, indicat- to the cable 28. On the upstream side, the signal PCLKPHU 

ing the last piece of data has been sent by the slave state is based on the PCI clock PCICLK1; on the downstream 

machine. The message generator then terminates the cable s jde, the signal PCLKPHI1 is based on the PCI clock 

transaction and reenters the IDLE state 2740. 10 PCICLK2. The PLL 186 or 182 generates a phase indicator 

signal CCLKPH11, based on the cable clock CABLE_ 

Cable Interface qjq or CABLE_CLK2, to indicate to the slave cable 

To ensure the valid transfer of data between the two interface 196 or 198 when the first phase of data has come 

bridge chips, data sent through the cable 28 must be syn- down me 28 - 

chronized properly to the clocks from the clock generators 15 The PCI clock PCICLK2 for the secondary PCI bus 32 is 

102 and 122. The downstream clock generator 122 bases its generated off a IX clock BUFCLK of the PLL 182 in the 

clocks on an upstream clock (which in turn is based on the downstream bridge chip 48. The clock BUFCLK drives the 

PCI bus clock PCICLK1) transmitted down the cable 28 clock buffer 181 through a driver 179. The buffer 181 

with the data. As a result, upstream data transmitted down- outputs a separate clock signal for each of the six slots on the 

stream is synchronized to the clocks generated in the down- 20 secondary PCI bus 32 as well as the clock PCICLK2, which 

stream bridge chip 48. However, the phase delay associated is routed back as the bus input clock to the downstream 

with the cable 28 between the main clocks generated in the bridge chip 48. By basing the clock PCLK on the clock 

upstream chip 26 and the data transferred back upstream PCICLK2 from the clock buffer 181, the clock schemes of 

from the downstream chip 48 is unknown. The length of the the upstream and downstream chips are made to appear 

cable 28 range from 10 to as large as 100 feet (if appropriate 25 more similar since both are based on an external bus clock, 

interface technology is used). The receiving logic in the The cable clock CABLE_CLK1 is a 33% duty cycle 

upstream cable interface 104 is effectively an asynchronous clock. The PLL 182 first converts the 33% duty cycle clock 

boundary with respect to the upstream clock. Consequently, to a 50% duty cycle clock for output as BUFCLK. 

the receiving logic needs to re-synchronize the downstream- ^ The PCI Specification, Version 2.1, requires that the PCI 

to-upstream data to the clock from the upstream clock bus clock must meet the following requirements: clock cycle 

generator 102. time greater than or equal to 30 ns; clock high time greater 

Referring to FIG. 5, the clock distribution scheme in the than 11 ns; clock low time greater than or equal to 11 ns; and 
2-chip PCI-PCI bridge is shown. Transactions which are clock slew rate between 1 and 4 ns. 
forwarded between the bridge chips 26 and 48 are encoded 35 When the computer system is powered up, the upstream 
into multiple time-multiplexed messages. The format of the chip 26 is powered on last, the upstream PLL 184 sends the 
messages is similar to the PCI transaction format (except for clock CABLE__CLK1 (through the master interface 192) 
time multiplexing) and includes an address and one or more down the cable 28, which is then locked to by the down- 
data phases and modified handshake signals in addition to stream PLL 182 and PLL 180. The downstream PLL 180 
signals which are added to indicate buffer number and w then sends the clock CABLE__CLK2 back upstream to be 
special bridge function commands. Each cable interface 104 locked to by the PLL 186. The system is not completely 
or 130 includes a master cable interface (192 or 194) and a operational until all four PLLs have acquired lock, 
slave cable interface (196 or 198). The master cable inter- If the upstream bridge chip 26 powers up and the down- 
face 192 or 194 transmits messages out onto the cable 28, stream bridge chip 48 is not yet turned on, the upstream 
and the slave cable interface 196 or 198 receives messages 45 bridge chip 26 behaves as a Pd-PCI bridge with nothing 
from the cable 28. connected to its downstream bus (the cable 28). As a result, 

The clock generator 102 or 122 in each bridge chip me upstream bridge chip 26 does not accept any cycles until 

includes two on-chip PLLs for clock generation. A PLL 184 the downstream bridge chip 48 is powered on and the 

in the upstream bridge chip 26 locks on the primary PCI bus upstream PLL 186 has acquired "lock" from the cable clock 

input clock PCICLK1. In the downstream bridge chip 48, so CABLE_CLK2. 

the PLL 180 locks to an incoming clock PCICLK2 from a The upstream bridge chip 26 floats all of its PCI output 

clock buffer 181. buffers and state machines asynchronously with assertion of 

In the ensuing description, a "IX clock" refers to a clock the PCI reset signal PCIRSH_ on the primary bus 24. 

having the same frequency as the clock PQCLK1, while a During reset, the PLL 184 may be attempting to acquire lock 

"3X clock" refers to a clock having three times the fre- 55 on the PCI bus clock PCICLK1. Since the PCI Specification 

quency of the clock PCICLK1. A IX clock PCLK generated guarantees that the signal PCIRSTl_ will remain active for 

by the PLL 184 or 180 (in the bridge chip 26 or 48, at least 100 ^s after the PCI bus clock becomes stable, the 

respectively) is used for the corresponding bridge chip's PCI PLL 184 na s about 100 /<s to acquire a lock, 

bus interface logic 188 or 190, and the 3X clock PCLK3 is The downstream bridge chip 48 resets all internal state 

used to run the cable message generation logic in the master 60 machines upon detection of the primary bus PCIRST1 

cable interface 192 or 194. The other PLL 186 or 182 is used signal. In response, the downstream bridge chip 48 also 

to lock to a cable input clock CABLE_CLK1 (from asserts a slot-specific reset to each slot on the secondary PCI 

upstream) or CABLE_CLK2 (from downstream) and to bus 32, as well as a secondary PCI bus reset signal 

generate a IX clock CCLK and a 3X clock CCLK3 to PQRST2_. 

capture incoming cable data. The clock outputs of the PLL 65 Referring to FIG. 6, each PLL includes a voltage- 

186 or 182 are routed to the slave cable interface 196 or 198, controlled oscillator (VCO) 200 generating an output 201 

respectively. (the 3X clock) between 75 Mhz (for a 25-Mhz PCI bus) and 
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100 Mhz (for a 33-Mhz Pa bus). The VCO 200 receives a As shown in FIG. 8, the cable clock CABLE_CLK has a 

reference clock 197, which is the PCI bus clock. Each PLL 33% duty cycle. Alternatively, the cable clock CABLE_ 

has a lock detection circuit 205 which indicates by a lock CLK can be designed to have an average duty cycle of 50%, 

indication bit that the PLL phase is locked to its reference wo j cn can be accomplished, for example, by sending out the 

accurately enough to perform its intended function. 5 cao l e dock as 33% high-66% low-66% high-33% low. 

The lock indication bits are written to a status register in Having an average 50% duty cycle could result in better pass 

the configuration space 105 or 125 of each bridge chip. On characteristics in the cable 28. 

the downstream side, a power-good/lock status bit is trans- n r . t ^„ n . . 4 - - . . 

•„ - # t il * j u- * * j • . t . * *u Refernng to FIG. 9, a slave cable interface first-in- 

mitted to the upstream bridge chip 26 to indicate that the „ , * , , , . , - 

main elements of the downstream bridge chip 48 are stable in h ^ CT 216 assembles incoming data from 

(power is stable) and the downstream PLLs are locked (lock 10 ;cable 28 and transmits the assembled data to the queues 

indication bits of the two PLLs are active). The lock md PCI state machines in the receiving bridge chip. The 

indication bit is also gated with the EDC status bits such that FlF0 216 ™ 4 entnes dee P> each entrv capable of 

EDC errors are not reported as such until the PLLs are holding one complete cable message. The depth of the FIFO 

locked. Thus, the bridge chip pair can come up to an 216 allows for the cable data to be synchronized to the local 

error-free communication state without software interven- 15 bridge chip clock without losing any effective bandwidth in 

tion. The lock indication bit also provides some diagnostic the cable interface. In addition, on the upstream side, the 

information which can distinguish between a PLL lock FIFO 216 is an asynchronous boundary for the cable data 

failure and other data errors. The clock generation circuitry coming from the downstream bridge chip 48. The FIFO 216 

includes a four-state machine 202 to generate a diyide-by-3 ensures that the cable data is properly synchronized with 

clock (IX clock) of the VCO output 201. The IX clock is fed 20 respect to PCLK before it is outputed to the rest of the chip, 

back to the PLL at input 203. Th e entries of the FIFO 216 are selected by an input 

Data is moved down the cable 28 at a 3X clock (PCLK3) pointer INPTR[1:0] from an input pointer counter 226, 
rate in three time-multiplexed _ phases ,to produce a IX clock which fc clocked b me CGLK3 cleared when a 
message transfer rate^ Refernng to FIG. 7, the circuitry in gi ^ ^ IN CNT is low, and enabled by the phase indi- 
te master cable mterface 192 or 194 for teassemblmg and 25 ^ C CLKPHI1. The negative edge of the 3X clock 
transmitting the cable message includes a register 204, ^™ _ . „ T r , , , . , - 

. . , i *u * * * *u i i nnr CCLK3 from the PLL 186 or 182 is used to latch incoming 

which samples the out-going message at the local PCLK , . ^ , t - 0 n 4 . , ^ . A ~ 

u j 4^ a- a ™o -j _* - sr t. u data from the cable 28, first mto a 20-bit register 218, and 

boundary. The flip-flop 208 provides extra margin for hold . . . . t . . ! 

, r c , »- - » . then uito a register 220 if a phase one indication signal 

time on the third phase of the transmitted message by r^r^r ■ ^ , . r . ^„ . r , , 

u u - *u- u c u ir c n^r x, o- *u PI III ___DLY is asserted, or into a register 222 if a phase two 

holdmg this phase for an extra half of a PCLK. Since the 30 • TT . , „ TTT ' ~ rx , . & _" , „ . v + . A 

- ? . / , , , .t 1 , wyr^w w indication signal PHI2_DLY is asserted. The phase 1 data, 

output register 212 is clocked with the 3X clock PCLK3, this . , & , , ~ A . . * n j 

1 4 u j c u. * 1 *u 1 , 4 „ 4 . phase 2 data and phase 3 data from the registers 220, 222 and 

reduces the need for tight control on the skew between the 1 t j j • . *t. t * * / r , 

iv jivii r *u i_ -j ^- * 1 218, respectively, are loaded mto the selected entry of the 

IX and 3X clocks. From the phase indication signal -JV . - . . J . 

PCLKPHIl, a set of three flip-flo^ 210 generates sucies- ™° 2 " on the ^rTnf? ^? ^? P , f 

iytit4 n, n1 j nxiTi • i « ^ 3 indication signal PHD DLY is asserted. The four sets of 

sive FHI1, PHI2, and PHD signals, representing phases 1, 2 35 , . c ?L i-xr>^ • , , . 

' . f .... ^ ' ^ u - , outputs from the FIFO 216 are received by a 240:60 mul- 

and 3, respectively, which in turn control a 60:20 multiplexer A . , , . , . , iJL 

206. three phases of data (LMUXMSG[19:0], H^L^, K f 1 ^ f by 3,1 , 0ttt C 

LMUXMSG[39:201 {LMUXMSGCSl:^], EDC[7:0]}) are °"E^ 1: " 3 °"' pUt ^'T^T " ^ 

• i w i j • * - . ^-,-» j j - by PCLK and cleared when a signal EN OUTCNT is low. 

successively multiplexed mto the register 212 and driven J to 

through the cable 28. The third phase of data includes error 40 Referring to FIG. 10, the input pointer and output pointer 

correction bits EDq7:0] generated by an ECC generator counters 226 and 224 continuously traverse through the 

206 (FIG. 17) from the register 204 output bits LMUXMSG HF0 216 miin S and emptying data. The counters 226 and 

[51:0]. The flip-flop 214, clocked by PCLK3, receives the 224 are offset m sllch a wa Y 35 lo guarantee valid data m a 

PHIL signal and clocks it out as the cable clock CABLE_ location before it is read out. The mitialization of the 

CLK1 or CABLE CLK2 45 pointers is different for an upstream bridge chip 26 than for 

Since the master^e interface 192 or 194 is a lX-to-3X a downstream bridge chip 48 due to synchronization uncer- 

communication interface, a one 3X-clock latency is tainties. 

incurred, resulting in a single 3X clock phase shift of the Flip-flops 236 and 238 synchronize the reset signal 

transmitted cable message from the PCI bus clock as shown C_CRESET, which is asynchronous to the clocks in the 

in FIG. 8. In period TO, message A is presented to the input 50 bridge chip, to the CCLK clock boundary. The signal 

of the register 204 and the first phase clock indicator EN_INCNT is generated by the flip-flop 238. The input 

PCLKPHIl is asserted high. The signal PHI1 is asserted pointer is incremented on the rising edge of the clock 

high from a previous cycle. In period Tl, the cable clock CCLK3 if the first phase indication signal CCLKPHI1 and 

CABLE_CLK1 or CABLE__CLK2 is driven high in the signal EN_JNCNT. The output pointer is then started at 

response to the signal PHI1 being high. The PCLKPHIl 55 a later local PCLK clock boundary PCLK when it can be 

pulse causes the signal PHI2 to be pulsed high in period Tl. guaranteed that the data will be valid in the FIFO 216. The 

Next, in period T2, the signal PHD is pulsed in response to upstream and downstream bridge chips must handle the 

the signal PHI2. In period 13, the signal PHI1 is pulsed high starting of the output pointer differendy since the phase 

in response to the signal PHI3 being high. Message A is also relationship of the cable clock to the local clock is not 

loaded into the register 204 on the rising edge of the clock 60 known for the upstream bridge chip 26 but is known for the 

PCLK in period 13. Next, in period T4, the signal PHI1 downstream bridge chip 48. 

causes the multiplexer 206 to select the first phase data Al Id the downstream bridge chip 48, the phase relationship 

for loading into the register 212. Next, in period T5, the between the incoming cable clock CABLE__CLK1 and the 

second phase data A2 is selected and loaded into the register secondary PCI bus clock PC1CLK2 is known since the PCI 

212. Then, in period T6, the third phase data A3 is loaded 65 clock PCICLK2 is generated from the cable clock. As a 

into the register 212. This process is repeated for messages result, no synchronization penalty exists for the output 

B, C, D and E in the subsequent clock periods. pointer OUTPTR[1:0] in the downstream bridge chip 48, 
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and the output pointer can track the input pointer INPTR the input pointer INPTR[1:0). The two PCLK period lag in 

[1:0] as closely as possible. A flip-flop 230, which is clocked the upstream bridge chip 26 allows the phase delay in the 

on the negative edge of the clock PCLK, is used to avoid any cable 28 to be of any value, which has the advantage that the 

clock skew problems between the clock CCLK generated by cable length need not be of a specific fixed value. 

the PLL182 and the clock PCLK generated by the PLL180 s Referring to mG . ^ the ^pat and output flip flopson the 

Though these two clocks have identical frequencies and cab , em terf a ce are custom-placed by the manufacturer of the 

S £° Uld j£ m T ^ other, there is an unknown M ^ ^ ^ b ' ^ w 

skew between the two clocks since they are generated from , *? j .. „ . - . . * 

two different PLLs. On the downstream side, the signal «^ ™* * The . am . oun l t of ^ between 

EN OUTCNT is the signal EN_INCNT latched on the in Aip-Qop and me I/O are^mam^ed as consistent as possible 

negative edge of the signal PCLK by the flip-flop 230. A 10 between ^ cable ,nterface 

multiplexer 234 selects the output of the flip-flop 230 since Pahle Message 

the signal UPSTREAM_CHIP is low. message 

In the upstream bridge chip 26, the cable interface is Sixty bits of cable data constitute one message. The 60 
treated as completely asynchronous. The phase uncertainty 15 bits are multiplexed onto 20 cable lines and are transmitted 
is due to the unknown phase shift of the cable 28 itself. each 10 ns over the cable 28. The table in FIG. 14 shows the 
Designing for this uncertainty gives complete freedom on bits and the phase each bit is assigned to. The first three 
the length of cable 28. What is known is that the clocks in columns show the upstream-to-downstream data transfer 
the upstream and downstream bridge chips have the same format, and the last three columns show the downstream- 
frequency, since they both have their origin in the upstream ^ to-upstream data transfer format. The following is a descrip- 
PC3 bus clock PCICLK1. In the upstream bridge chip 26, the tion of the signals. 

signal EN_OUTCNT is the signal EN_INCNT latched on EDC[7:0]: The signals are the eight syndrome bits used to 

the positive edge of the clock PCLK by a flip-flop 232. The detect and correct errors encountered in transmitting data 

multiplexer 234 selects the output of the flip-flop 232 since over the cable 28. 

the signal UPSTREAM_CHIP is high The flip-flop 232 „ CAD[31:0 ]: The signals are the 32 address or data bits. 

guarantees that even for the worst-case lineup of the cable __ . _ r __ . Jt . , , 

clock CABLE CLK2 and the local PCI clock PCLK (one , CFRAME_: TTie signal is used to si^al the s£t and end 

complete PCLK period phase shift), there is valid data in the of a transaction, simdar to the PCI FRAME_ signal. 

FIFO 216 before the data is transmitted to the rest of the CCBE[3:0J_: The four bits form byte enables m some 

cn |p PCI clock phases and either a PCI command or a message 

Referring to FIG. 11, the cable data is received by the 3 ° ^ olher PCI clock P hases * 
slave cable interface 196 or 198 as three phase time- CBUFF[3:0]: In the address phase, the signals indicate a 
multiplexed signals A1,A2 and A3; B1,B2 and B3; CI, C2 buffer number for initializing the bridge chip delayed 
and C3; and so forth. A previous transaction is completed in completion queue (DCQ) 148 to tie upstream and down- 
periods TO, Tl and T2. Beginning in period 13, the first 35 stream delayed read completion (DRQ and delayed read 
phase data Al is presented to the register 218 and the first request (DRR) transactions. After the address phase, the 
phase indicator CCLKPHI1 is pulsed high. On the falling signals contain the parity bit, parity error indication and the 
edge of CCLK3 in period 13, the data Al is loaded into the data ready signal. 

register 218, and the local phase 1 indication signal PHI_ COMPLETION REMOVED: The bit is used to signal 

DLY is pulsed high. In period T4, on the falling edge of 40 that a delayed completion has been removed from the 

clock, the phase 1 data Al is loaded into the register 220, the transaction ordering queue (TOQ) on the other side of the 

phase 2 data A2 is loaded into the register 218, and the phase cable 28. 

2 indication signal PHI2__DLY is pulsed high. In period T5, PMW ACKNOWLEDGE: The bit is used to signal that a 

on the falling edge of CCLK3, the phase 2 data is loaded into posted memory write (PMW) has been completed on the 

the register 222, the phase 3 data A3 is loaded into the 45 otner ^ G ^ has been removed from the transaction run 

register 218, and the phase 3 indication signal PHI3_DLY queue (TRQ) 

^^^ I T ri ? d 7 6 ' A t TO T tS ! fthere ^K ,S ^ LOCK_: The bit is transmitted downstream (but not 

222, and 218 are loaded into the selected entry of the FIFO „«,„,„\ ,„ i„„i„j ,„ v 

216onthefoUowmgedgeofCCl^ * ^e°hfy locked cycles. 

data Bl is presented to the register 218 along with the 50 SERR__: The bit is used to transmit an SERR_ indication 

indication signal CCLKPHI1. Messages B and C are loaded upstream, but is not transmitted downstream. 

into the FIFO 216 in the same manner as message A in INTSYNC and INTDATA: The bits carry the eight inter- 

subsequent periods. rupts from downstream to upstream in a serially multiplexed 

Referring to FIG. 12, the input pointer INPTR[1:0] starts format, 

at the value 0 in period TO on the rising edge of the clock 55 ' rbt INTSYNC is the synchronization signal indi- 

CCLK3. Also in period TO, message A is loaded into FIFO catin g me start fo me interrupt sequence and the signal 

0 on the falling edge of the clock CCLK3. In the downstream INTDATA is the serial data bit. The signals INTSYNC and 

bridge chip 48, the output pointer OUTPTR[1:0] is incre- INTDATA are routed on separate lines over the cable 28. 

mentcd to the value 0 on the next rising edge of the clock RESET SECONDARY BUS: The bit is asserted when the 

PCLK in period 13. Also in period 13, the input pointer 60 CPU 14 rites to the secondary reset bit in a bridge control 

INPTR[1:0] is incremented to the value 1 on the rising edge register in the upstream bridge chip 26. It causes the 

of the clock CCLK3, and message B is loaded into FIFO 1 downstream bridge chip 48 to reset to a power up state. The 

on the falling edge of CCLK3. Cable data is thus loaded into reset signals for the slots are also asserted. The signal 

FIFO0, FIFOl, FIF02, and FIF03 in a circular fashion. RESET secondary bus is routed on a separate line over the 

On the upstream side, if the input pointer LNPTR[1:0] is 65 cable 28. 

0 in period tO, the output pointer OUTPTR[1:0] is incre- Because the address and data in each PCI transaction is 

mented to the value 0 in period T6, two PCLK periods after multiplexed over the same lines, each PCI transaction 
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includes an address phase and at least one data phase (more last state is indicated by asserting the bit CBUFF[2] while 

than one for burst transactions). The PCI specification also FRAME_ is active, which indicates that another word of 

supports single address transactions (32-bit addressing) and data is being presented. The last-of-cable-transfer state is 

dual-address transactions (64-bit addressing). indicated by asserting the bit CBUFF[2] while the signal 

Referring to FIG. 15A, a table shows what information 5 CFRAME_ is inactive. The last-of-request state is indicated 

appears on each portion of the bus during address and data by asserting the bits CBUFF[3] and CBUFF[2] while the 

phases of the single-address transactions. For a single signal CFRAME_ is inactive. 

address transaction, the first phase is the address phase and The following four IEEE 1149.1 Boundary-Scan (JTAG) 

the second and subsequent phases are data phases. In the signals are included in the cable 28 to effect a JTAG test 

address phase of a delayed read/write request transaction, 10 chain: TCK (the test clock), TDI (test data input), TDO (test 

the signals CBUFF[3:0] indicate the DCQ buffer number for data output) and TMS (test mode select). The optional 

initializing the bridge chip DCQ 148 to tie upstream and TRST__ is not transmitted down the cable, but TRST_ can 

downstream DRC and DRR transactions. After the address be generated from power-good. 

phase, the signal CBUFF[0] contains the parity bit. The The JTAG signals are routed from the system PCI con- 
signals CCBE[3:0]__ contain the PCI command in the 15 nector through the upstream bridge chip 26, including JTAG 
address phase and the byte enable bits in the data phases. master 110, down the cable 28 to the downstream bridge 

For posted memory write transactions, the signals CBUFF chip 48 to the JTAG master 128, which distributes the JTAG 

[3:0] are "don't care" in the address phase and contain the signals to each of the six PCI slots on the secondary PCI bus 

data-ready indication, parity error indication, and parity bit 32. The return path is from the JTAG master 128, up the 

in the data phases. 20 cable 28 back to the upstream bridge chip 26 and then to the 

In a delayed read/write completion transaction, the signals PCI slot on the primary PCI bus 24. The signals TDO, TCK, 

CBUFF[3:0] contain the DCQ buffer numbers in the address and TMS are downstream bound signals. The signal TDI is 

phase and the end-of-completion indication, data-ready an upstream bound signal. 

indication, parity error indication, and parity bit in the data One type of cable 28 that can be used is a cylindrical 

phases. The signals CCBE[3:0J_ contain a code represent- 25 50-pair shielded cable designed to support the High Perfor- 

ing a DRC transaction in the address phase and the status mance Parallel Interface (HIPPI) standard. A second type of 

bits of the DRC transaction in the data phases. Delayed cable is a shielded 50-pair ribbon cable. The advantages of 

completion transactions return the status of the destination the first are standardization, ruggedness and reliable uniform 

bus for each data phase. The data parity bit is transmitted on manufacture. The advantages of the second are greater 

CCBE[3]_. Other status conditions are encoded on the mechanical flexibility, automatic termination to the connec- 

CCBE[2:0]_bus, with a binary value 000 indicating normal tor in assembly and possibly lower cost, 

completion and a binary value 001 indicating a target abort Th e table of FIG. 16 shows some of the HIPPI cable 

condition. The address/data bits CAD[31:0] are "don't care" specifications. The ground shield consists of a braid over 

in the address phase and contain data during the data phases. ^ aluminum tape and carries only minimum DC currents due 

In a stream connect transaction, the signals CBUFF[3:0] to the differential nature of the buffers to be used. The 

contain a buffer number in the address phase and the signal method of signaling is true differential which provides 

CBUFF[2] contains the data-ready indication in the data several advantages, with differential buffers used to send and 

phases. The signals CCBE[3:0] contain a code representing receive signals over the cable 28. First the true differential 

a stream connect transaction in the address phase and are ^ method is less expensive than fiber optics for this short 

"don't care" in the data phases. The address/data bits CAD distance and less complex to interface than other serial 

[31:0] are not used during a stream connect transaction. methods. Differential signaling provides significant com- 

The table in FIG. 15B shows the encoding of the signals mon mode noise immunity and common mode operating 

for dual-address transactions. In delayed read/write request range, is available in ASICs and is faster than TIL. When 

transactions, the signals CBUFF[3:0] contain a buffer num- 45 using twisted pair and shielding, it minimiz es electromag- 

ber in the first and second address phases and the signal netic radiation. When using low voltage swings, it mini- 

CBUFF[0] contains the parity bit in the data phase. The mizes power dissipation. 

signals CCBE[3:0]_ contain a code representing a dual- The signaling levels chosen as a target are described in the 

address cycle in the first address phase, the PCI command in IEEE Draft Standard for Low-Voltage Differential Signals 

the second address phase, and the byte enable bits in the data 50 (LVDS) for Scaleable Coherent Interface (SCI), Draft 1.10 

phase. The signals CAD[31:0] contain the most significant (May 5, 1995). 

address bits in the first address phase, the least significant The cable connector is an AMP metallic shell 100-pin 

address bits in the second address phase, and the data bits in connector with two rows of pins. The rows are 100 mils 

the data phase. apart and the pins are on 50-mil centers. The metal shell 

In a dual-address posted memory write transaction, the 55 provides EMI shielding and the connection of the ground 
signals CBUFF[3:0] are "don't care" in the first two address path from the cable shield to the board connector. The 
phases, but the signals CBUFF[1:0] contain the parity error mating right angle board connector just fits a PCI bracket, 
indication bit and the parity bit in the data phases. The The connector is to have a bar running between the rows of 
signals CCBE[3:0]_ contain a code representing a dual- pins to divert electrostatic discharges from the signal pins 
address cycle in the first address phase, the PCI command 60 when the connector is disconnected. A pair of thumb screws 
bits in the second address phase, and the byte enable bits in attached to the cable connector will secure the mated con- 
the data phases. The signals CAD[31:0] contain the most nectors. 
significant address bits in the first address phase, the remain- 
ing address bits in the second address phase, and the data bits Error Detection and Correction 
in the data phases. 65 An error detection and correction (EDC) method is imple- 

There are three possible states for the data transfer: mented on each bridge chip to protect communication over 

not-last, last-of-<;able-transfer, and last-of-request. The not- the cable 28. Since the data is time-multiplexed into three 
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20-bit groups to be sent over 20 pairs of wires, each triplet the cable data status associated with that position. Thus, for 

of "adjacent" bits (i.e., bits associated with the same wire in example, a hexadecimal value 00 indicates a no-error 

the cable 28) is arranged so as to be transmitted on a single condition, a hexadecimal value 01 indicates an error in data 

wire pair. The EDC method can correct single-bit failures bit 52, a hexadecimal value 02 indicates an error in data bit 

and multi-bit failures occurring in the same bit position in 5 53, a hexadecimal value 03 indicates an uncorrectable error 

each of the three time-multiplexed phases. The multi-bit (UNCER), and so forth. 

failures are typically associated with a hardware failure, e.g., The EDC logic is capable of detecting up to 3 erroneous 

a broken or defective wire or a faulty pin on bridge chips 26, bits, as long as those data bits are adjacent, i.e., associated 

4*** with the same wire. Thus, for example, if the check bits 

Twenty wire pairs of the cable 28 are used for downstream 10 CHKBnf7:0] contain a hexadecimal value 3D, then data 

communication and 20 more for upstream communication. bits 3, 23, and 43 are erroneous. The cable 28 carries cable 

For the remaining ten pairs in the 50-pair HIPPI cable 28 data CABLE_DATA[19:0]. Thus, data bits FlFOOUT[3], 

(which pass such information as the clock signals CABLE_ FIFOOUT[23], and FIFOOUT[43] are associated with the 

CLK1 and CABLE__CLK2, reset signals, and the power fourth position of the cable data, i.e., CABLE _J>ATA[3]. 

good/PLL-lock signal), error detection and correction is not 15 The EDC method can also correct two-bit errors associated 

implemented. with the same cable wire. Thus, for example, a hexadecimal 

The following are the underlying assumptions for the check bit value of OF indicates errors in data bits FIFOOUT 

EDC algorithm. Most errors are single bit errors. The M FTFOOUT[24], both associated with CABLE_ 

probability of having random multiple-bit errors in the same DATA[4]. 

transaction is extremely remote because the cable 28 is not 20 The fix bit generator 352 also produces signals NCERR 

susceptible to interference from internal or external sources. (uncorrectable error) and CRERR (correctable error). If no 

Errors caused by a defective wire may affect a single bit or error is indicated by the check bits, then the signals CRERR 

a group of bits transmitted on that wire. When a hardware (correctable error) and NCERR (non-correctable error) are 

failure occurs, the logic state of the corresponding differen- both deasserted low. In those positions in the syndrome table 

tial buffer is in a single valid logic state. 25 containing the uncorrectable state UNCER, the signal 

Referring to FIG. 17, the output signals FIFOOUT[59:0] NCERR is asserted high and the signal CRERR is deasserted 

from the multiplexer 228 in the slave cable interface 196 or low. Otherwise, where a correctable data error is indicated, 

198 are provided to the input of a check bit generator 350, the signal NCERR is deasserted low and the signals CRERR 

which produces check bits CHKBn[7:0]. The check bits are is asserted high. 

generated according to the parity-check matrix shown in The lower 52 bits of the fix bits FIXBn[51:0] are 
FIG. 18, in which the first row corresponds to CHKBTIXO], provided to one input of 52 exclusive-OR gates 354, whose 
the second row corresponds to CHKBITtl], and so forth. other input receives one of each the lower 52 bits of the 
The bits across a row correspond to data bits FIFOOUT FIFO data FIFOOUT[51:0]. The upper 8 FIFO bits 
[0:59]. 35 FIFOOUTt59:52], allocated to the error detection and cor- 
The check bits are generated by an exclusive-OR of all the rection bits EDC[7:0], are used to generate the check bits 
data bits FIFOOUT[X] (X is equal to 0-59), which have a and the syndrome bits, but are not subject to error correction. 
"1" value in the parity-check matrix. Thus, the check bit The exclusive-OR gates 354 perform a bit-wise exclusive- 
CHKBIT[0] is an exclusive-OR of data bits FIFOOUTt7], OR operation of the fix bits FIXBnt51:0] and the data bits 
FIFOOUT[8], FIFOOUT19], FIFOOUTI12], FIFOOUT ^ FEFOOUTtSliO]. If the data signals FIFOOUTt51:0] con- 
[13], FIFOUT[16], FIFOOUT[22], FIFOOUT[23], tain correctable, erroneous data bits, those data bits are 
FIFOOUT[24], FIFOOUT[26], FIFOOUT[32], FIFOOUT flipped by the exclusive-OR operation. The exclusive-OR 
[33], FIFOOUT[34], FIFOOUT[35], FIFOOUT[38], gates 354 provide the corrected data CORRMSG[51:0] to 
FIFOOUTI39], FIFOOUTI45, FIFOOUTt46], FIFOOUT the 1 input of a multiplexer 360. The 0 input of the 
[48], F1FOOU1I49], FIFOOUT[51], and FIFOOUTP2]. 45 multiplexer 360 receives the data bits FIFOOUTt51:0], and 
Similarly, the check bit CHKBIT[1] is an exclusive-OR of the multiplexer 360 is selected by a configuration signal 
bits 0, 1, 4, 5, 9, 10, 12, 14, 15, 16, 23, 27, 35, 37, 38, 40, CFG2C_ENABLE_JECC. The output of the multiplexer 
43, 46, 47, 48, 50, and 53. Check bits CHKBIT[2:7] are 360 produces signals MUXMSGI[51:0]. If the system soft- 
generated in similar fashion according to the parity-check ware enables error detection and correction by setting the 
matrix of FIG. 18. The parity check matrix is based upon the 50 signal CFG2C_ENABLE_ECC high, then the multiplexer 
20 sub-channels or wires per time-multiplexed phase and a 360 selects the corrected data CORRMSG[51:0] for output, 
probability that multiple errors in the accumulated data are Otherwise, if error detection and correction is disabled, the 
attributable to a faulty sub-channel or wire that affects the data bits FIFOOUTt51:0] are used. 

same data position in each time-multiplexed phase. The non-correctable and correctable error indicators 
In the master cable interface 192 or 194, the check bits 55 NCERR and CRERR are provided to inputs of AND gates 
CHKBIT{7:0] are provided as error detection and correction 356 and 358, respectively. The AND gates 356 and 358 are 
bits EDC[7:0] along with other cable data to allow error enabled by the signal CFG2C__ENABLE_ECC. The out- 
correction logic in the slave cable interface 196 or 198 to puts of the AND gates 356 and 358 produce signals 
detect and correct data errors. C __NLERR and C_CRERR, respectively. The signals 
The check bits CHKBIT[7:0] are provided to a fix bit 60 C_NLERR and C_CRERR can be asserted only if error 
generator 352, which generates fix bits FIXBIT[59:0] detection and correction is enabled. When an error is 
according to the syndrome table shown in FIG. 19. The detected, the fix bits are latched and used for diagnostic 
check bits CHKBITpiO] have 256 (2 s ) possible values. The purposes. 

syndrome table in FIG. 19 contains 256 possible positions. £ If a corre ctable error is 'ioc^ cat edjto^ig nal C_CRERR 

Each of the 256 positions in the syndrome table contains 2 65 is^rugh),^toe^ 

entries, the first entry being the hexadecimal value of the rec^dvjng u block*132^forwarded'-up to the interrupt output 

check bits CHKBIT[7:0], and the second entry indicating block 114, and then transmitted to the system interrupt 
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controller and then to the CPU 14 to invoke an interrupt the GNT__ signals. The default value for the timer 304 is the 

chandler. , Non-correctable errors indicated by the signal hexadecimal value 0000 which indicates that there is no 

C_NCERR will cause the system error SERR__ to be minimum grant time requirement. The timer 304 can be 

asserted, which in turn causes the system interrupt controller programmed with a value from 1 to 255, to indicate the 

(not shown) to assert the non-maskable interrupt (NMI) to 5 number of PCICLK2 clock periods the GNT__ line is active, 

the CPU 14. In the downstream bridge chip 48, non- Alternatively, an individual minimum grant timer can be 

correctable errors will also cause the power-good/PLL-lock assigned to each PCI master on the secondary bus 32 to 

indication bit sent up the cable 28 to be negated so that the provide more flexi bility. ^ minimum time fa appli _ 

upstream badge chip 26 does not send cycles downstream. ca51e only when tne master fa its req_ 

To prevent spurious interrupts during and just after power- 10 signaL 0nce me REQ_ & deasserted, the GNT_ 

up, error detection and correction on both the upstream and signal can ^ rem oved regardless of the minimum grant time 

downstream bridge chips is disabled during power-up until value. 

the upstream PLL 186 and downstream PLL 182 have or- * ™ A . . .. «™ 

locked to the clock CABLE CLK1 or CABLE CLK2. k R f fe ™f to *? G ^ m °°™al operation, the PCI 

~~ , _ — arbiter 124 implements a round-robin priority scheme 

System management software responding to the 15 (second level arbitration scheme). The eight masters in the 

correctable-error interrupt determines the cause by reading round _ robm scheme mclude 

devices connected to the six 

the latched fix bits If a hardware failure is determined (e.g slots of me expansion b„ x x me SIO 50, and a posted 

multipledataenorbitsassoc^ memory ^ (pmw) request from the upstream bridge 

then the system management software can notify the user of chi 2 6. All masters on the PCI bus 32 in this scheme have 

the condition to fix the hardware failure. The system man- 20 Alt ^ riorit ^ ^ 5rid M After a master has 

agement software responds to SERR_ caused by an uncor- beeD me xcoad!lly Kl bus 32 ^ ^ mast6r nas 

rectable error by shutting down the system or performing me FRAME_ signal, the bus is re-arbitrated and the 

other functions programmed by the user. current master is put on the bottom of the round-robin stock. 

Secondary Bus Arbiter If the master negates its request or the minimum grant timer 

Referring to FIG. 3, each bridge chip includes a Pd 25 304 ex P ires - the ¥ PC ? |» 32 » S™* 1 to ? e nexthighest 

arbiter 116 or 124. Since the upstream bridge chip 26 is l^^l Cy * dlfferCntly 

normally installed in a slot, the PCI arbiter 116 is disabled. by me PCI arblter 124 

The PCI arbiter 124 supports 8 masters: 7 generic PCI 1° response to certain events, the arbitration scheme is 

masters (REQ[7:1J_^ GNT{7:1]„J including the six PCI ^ modified to optimize system performance. The events 

slots and the hot phig controller in the SIO 50, and the bridge include: 1) an upstream-to-downstream delayed read or 

chip itself (BLREQ_, BLGNT__). The signals BLREQ_ delayed write request is pending, 2) a downstream-to- 

and BLGNT__ are routed from and to the PCI master block upstream delayed read request is pending with no read 

123. The bridge chip asserts the signal BLREQ_ if a completion indication provided, and 3) a streaming possi- 

transaction from the CPU 14 targeted for the secondary PCI 35 Diutv exists while the bridge chip 26 is the current master on 

bus 32 is received by the upstream and downstream bridge me upstream bus 24. 

chips 26 and 48. The request and grant lines REQ[1]__ and When a delayed request is detected, the bridge chip 48 

GNTtlL- for the SIO 50 are routed internally in the down- becomes the next master to be granted the secondary PCI 

stream bridge chip 48. The PCI arbiter 124 inserts a PCI- bus 32. Once the bridge chip 48 is granted the bus 32, it 

CLK2 delay between negation of a GNT_ signal for one ^ maintains ownership of the bus 32 until it completes all 

master and the assertion of a GNT_ signal for another outstanding delayed requests or one of its cycles is retried, 

master. If the bridge chip 48 is retried, then a two-level arbitration 

In the downstream bridge chip 48, the PCI arbiter 124 is scheme is implemented by the arbiter 124. One primary 

enabled or disabled based on the sampled value of REQ[7]_ cause of the bridge chip read cycle being retried is that the 

at the rising edge of the signal PCIRST2_. If the bridge chip 45 target device is a bridge with a posted write buffer that needs 

48 samples REQf7J_ low on PCIRST2__, it will disable the to be flushed. In this case, the optimum operation is to grant 

PCI arbiter 124. If the PCI arbiter 124 is disabled, then an the bus 32 to the retrying target to allow it to empty its 

external arbiter (not shown) is used and the hot plug request posted write buffer so it can accept the bridge chip read 

is driven out on the REQ[1] pin and hot plug grant is input request. 

on the GNT[11_ pin. The bridge PCI bus request is driven 50 Referring to FIG. 20B, the two-level arbitration protocol 

out on the REQ[2]_ pin and its grant is input on the includes a first level arbitration scheme which is a round- 

GNT[2]_ pin. If the bridge chip 48 samples REQ[7]_ high robin scheme among three possible masters: the delayed 

on PCIRST2_, it will enable the PCI arbiter 124. request from the CPU 14, a request from the retrying master, 

The PCI arbiter 124 negates a master's GNT_ signal and a master selected by the second-level arbitration 

either to service a higher priority initiator, or in response to 55 scheme. Each of the three masters in the first-level arbitra- 

the master's REQ_ signal being negated. Once its GNT_ tion scheme is guaranteed every third arbitration slot. For 

signal is negated, the current bus master maintains owner- memory cycles, the slot associated with the retrying target 

ship of the bus until the bus returns to idle. can be determined from target memory range configuration 

If no PCI agents arc currently using or requesting the bus, registers in the configuration space 125 of the bridge chip 

the PCI arbiter 124 does one of two things depending on the 60 which store the memory range associated with each PCI 

value of a PARKMSTRSEL configuration register in the device. If the retrying master cannot be determined (as in the 

configuration space 125. If the register contains the value 0, case of an I/O read), or if the retrying master is not 

the PCI arbiter 124 uses the last active master to park on the requesting the secondary bus 32, then the first level arbitra- 

bus 32; if it contains the value 1, then the bus is parked at tion scheme would be between the bridge chip 48 and a 

the bridge chip 48. 65 level-two master. 

The PCI arbiter 124 includes a PCI minimum grant timer The retrying master is not masked from the level-two 

304 (FIG. 21) which controls the minimum active time of all arbitration. Thus, it is possible for it to have two back-to- 
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back arbitration wins if it is the next master in the level-two [2:0]] (which indicates if the retrying master is asserting its 

arbitration scheme. request), and the output of an OR gate 310. The inputs of the 

For example, if an upstream -to-cbwnstream read is retried 0R S ate 31° receive the signals RTRY_JS4AST[2:0]. Thus, 

and Master C (the retrying master) is requesting the bus 32 # a retrying master has been identified (RTRY_MAST[2:0] 

as well as Master Band Master E, the order of the bus grants 5 is non-zero), a delayed request is present (BAL_DEL_ 

would be as follows in descending order: the bridge chip 48, REQ is high)* ^ d me retrying master has asserted its 

the retrying master (Master C), Master C, the bridge chip 48 request, then the signal RTRYMAST__REQ is asserted. 

, the retrying master C, Master E, the bridge chip 48, and so The LI state machine 300 generates signals N^LISTATE 

forth, until the bridge chip 48 is able to complete its [1:0] (representing the next state of the LI state machine 

transaction and the PCI arbiter 124 reverts back to its 10 300), as well as signals N_CURMAST[2:0] (representing 

level-two arbitration scheme for normal operation. the next master according to the level-two arbitration 

If, as another example, the bridge chip read is retried and scheme). The LI state machine 300 also generates a signal 

the only other requesting masters are Master A and Master OPEN_WINDOW, which indicates when a re-arbitration 

D (i.e., the retrying master is not requesting the bus or it window exists for a grant state machine 306 to change 

could not be identified because it is accessing I/O space), the 15 masters on the secondary PCI bus 32. A signal AD Y_RR_ 

order of the bus grants is as follows* the bridge chip 48, MAST provided by the LI state machine 300 indicates to the 

Master A, the bridge chip 48, Master D, and so forth. state machine 306 when to load the value of the signals 

The two-level arbitration scheme gives delayed requests N_J*R_MASTI2:0] into the signals RRJvlASTpiO] to 

from the CPU 14 the highest priority. Although this arbitra- advance next ^vel-two round-robin master, 

tion method favors heavily the CPU 14, every requesting The grant state machine 306 outputs grant signals GNT 

device on the bus 32 is eventually granted the PCI bus 32. [7:0] as well as a signal CHANGING_GNT to indicate that 

By so doing, there is less chance that the other secondary bus ownership of the bus 32 is changing. The grant signals 

masters would be starved when a PCI bridge chip request is GNT[7:1]__ are inverted from the GNT[7:1] signals, and the 

retried. grant signal BLGNT_ is inverted from the GNTfO] signal. 

Referring to FIG. 21, the PCI arbiter 124 includes an L2 25 ^ & mi state machine 306 also generates signals 
state machine 302 to implement the level-two round-robin L1STATE[1:0] and signals RR_MAST[2:0]. 
arbitration scheme. The 12 state machine 302 receives The minimum grant timer 304 is clocked by the signal 
signals RR_MAST[2:0], which indicate the current round- PCLK and generates the signal MIN_GRANT. The mini- 
robin master. The L2 state machine 302 also receives request 30 mum grant timer 304 also receives the signal CHAN GING_ 
signals RR__REQ[7:0], corresponding to the 8 possible GNT and NEW_FRAME (indicating a new FRAME_ 
masters of the secondary PCI bus 32. Based on the current signal has been asserted). The initial value of the minimum 
master and the state of the request signals, the 12 state grant timer 304 is loaded as a value { CFG2A_MING NT 
machine 302 generates a value representing the next round- [3:0], 0000}, with the signals CTG2A^3WNGNTp:0] 
robin master. The output of the L2 state machine 302 is 35 being stored configuration bits in the configuration space 
provided to the 0 input of a 6:3 multiplexer 306, whose 1 125 which define the initial value of the minimum grant 
input receives signals Q2 A_STRM AST[2: 0]. The select timer 304. The minimum grant timer 304 is reloaded after it 
input of the multiplexer 306 receives a signal STREAM_ has counted down to zero and the signal CHANGING_ 
REQ, which is asserted high by an AND gate 308 when a GNT is asserted high. After the minimum grant timer 304 is 
streaming opportunity exists (Q2A_STREAM is high), the ^ loaded with a new value, it begins decrementing when the 
streaming master on the secondary PCI bus 32 is asserting signal NEW_FRAME is asserted high and the signal 
its request line (MY_REQ[Q2A__STRMAST[2:0]] is CHANGING_GNT is deasserted low by the grant state 
high), and a delayed request is not pending (BAL__DEL_ machine 306, which indicates that a new transaction has 
REQ is low). started on the PCI bus 32. 

The output of the multiplexer 306 drives signals N__RR_ 45 Signals MY_REQ[7:1] are generated by a NOR gate 314, 

MAST[2:0] which represent the next round-robin master in whose inputs receive the request signals REQ[7:1]_ and 

the level-two arbitration scheme. The signals N_RR_ mask signals Q2AM ASKREQ[7: 1 ]. Assertion of the mask 

MAST[2:0] are received by an LI state machine 300, which bit Q2AMASKREQ[X], X-l-7, masks the request REQ 

also receives the following signals: a signal RTRYMAST__ [X]_ of the corresponding master, which prevents the PCI 

REQ (which represents the request of the retrying bus 50 arbiter 124 from responding to the request signal. A signal 

master); a signal MIN_GRANT (which is asserted when the MY_REQ[0] is driven by an inverter 316, which receives 

minimum grant timer 304 times out); the delayed request the bridge request BLREQ_. 

signal BAL_DEL_REQ; the stream request signal Referring to FIG. 22 the grant state machine 306 includes 

STREAM_REQ; a signal CURMAST_REQ (indicating four states: PARK, GNT, IDLE4GNT, and IDLE4PARK. On 

that the current master is maintaining assertion of its request 55 assertion of a reset signal RESET (generated from the PCI 

signal); a signal ANY_SLOT_REQ (which is asserted high reset signal PCIRST2_), the grant state machine 306 enters 

if any of the request signals REQ[7:1]_^, but not including state PARK, where it remains while a signal ANY_Jl£Q is 

the bridge chip request BLREQ „ is asserted); and signals deasserted. The signal ANY_REQ is- asserted high if any of 

L1STATE[1:0] (which represent the current state of the LI the request lines to the PCI arbiter 124 is asserted. In the 

state machine 300). The LI state machine 300 selects one of go PARK state, the PCI-PCI bridge 48 is parked as the owner 

the three possible LI masters, including the retrying master of the PCI bus 32 when another request is not present. 

(RTRYMAST__REQ), the delayed request from the bridge if the signal ANY_JtEQ is asserted, the grant state 

chip 48 (BAL_J3EL_REQ), and the level-two master machine 306 transitions from state PARK to state 

(ANY_SLOi_REQ). IDLE4GNT, and the signal CHANGING__GNT is asserted 

The retrying master request signal RTRYMAST _REQ is 65 high to indicate that the PCI arbiter 124 is changing masters, 

generated by an AND gate 312, which receives the signal The grant signals GNT[7:0] are cleared to all zeros, and the 

BAL_J)EL_REQ, the signal MY_REQ[RTRY_MAT signals CURMAST[2:0] are updated with the value of the 
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next master N_CURMAST[2:0]. In addition, the round- 
robin master signals RR_MAST[2:0] are updated with the 
next round-robin master value N_RR_3*AST[2:0] if the 
signal ADV_RR_MAST is asserted by the LI 300. The 
signal ADV _JtR_MAST when high indicates that the next 5 
LI master is one of the L2 masters. 

From state IDLE4GNT, the grant state machine 306 next 
transitions to the GNT state, and the signals GNT{7:0] are 
set to the state of new grant signals NEWGNTTT.O] and the 
signal CHANGING_GNT is negated low. The signals 1Q 
NEWGNT[7:0] are based on the state of the current master 
signals CURMAST[2:0], as shown in FIG. 24. 

From state GNT, three transitions are possible. The grant 
state machine 306 returns to the PARK state if an arbitration 
window is open (OPEN_WINDOW is high), no request is 15 
pending (ANY_REQ is low), the Pa bus 32 is idle (BUS_ 
IDLE is high), and the next master is the current master (i.e., 
the current master is the parking master). In the transition 
back from the GNT state to the PARK state, the signals 
L1STATE[1:0] are updated with the signals N_L1STATE 20 
[1:0]. However, if no requests are pending and the bus is 
idle, but the current master is not the parking master (i.e., the 
signals N_CURMASTt2:0] are not equal to the value of the 
signals CURMAST[2:0]), an idle state is needed and the 
grant state machine 306 transitions from the GNT state to the ^ 
IDLE4PARK state. The LI state values L1STATE[1:0] are 
updated. From the IDLE4PARK state, the grant state 
machine 306 transitions to the PARK state, setting the grant 
signals GNTt7:0] equal to the new grant signals NEWGNT 
[7:0] to grant the PCI bus 32 to the new master. The signal ^ 
CHANGING_GNT is also negated low. 

If the arbitration window opens up (OPEN_WI NDOW is 
high), and the next master is not the current master (the 
signals N_CURMAST[2:0] are not equal to the signals 
CURMAST[2:0]), then the grant state machine 306 transi- 35 
tions to the idle state IDLE4GNT to change bus master 
grants. In the transition, the signal CHANGING_GNT is 
asserted high, the signals GNT[7:0] are cleared to all zeros, 
the signals CURMAST[2:0] are updated with the next 
master value N_CURMASTt2:0], and the LI state signals 40 
L1STATE[1:0] are updated with the next state value 
N _JL1STATE[1:0]. In addition, the round-robin master sig- 
nals RR_MASTp:0] are updated with the next round-robin 
master N__RR_MAST[2:0] if the signal AD V__RR_MAST 
is asserted high. The grant signals GNT[7:0] are then 45 
assigned to the value NEWGNT[7:0] in the transition from 
the IDLE4GNT state to the GNT state. 

Referring to FIG. 23, the LI state machine 300 (FIG. 21) 
starts in state RR upon assertion of the RESET signal, where 
the state machine 300 remains while a delayed request signal 50 
BAL_DEL_REQ is negated low (indicating there is no 
delayed request pending). While in the RR state, the signal 
ADV_RR __MAST is asserted high to allow the grant state 
machine 306 to update the round-robin master (i.e., setting 
signals RR__MAST{2:0] equal to the value N_RR_MAST 55 
[2:0]. The RR state is the round-robin state in which the 
level-two arbitration scheme is used. While in the RR state, 
the next master signals N_CURMAST[2:0] are set equal to 
the next round-robin master N_RR_AtAS1p:0], and the 
signal OPEN_WINDOW is set high if a stream request 60 
opportunity exists (STREAM REQ is high), or the mini- 
mum grant timer 304 has expired (MIN GRANT is high), 

or the current master has negated its request (CURMAST_ 
REQ goes low). When asserted high, the signal OPEN_ 
WINDOW allows a new arbitration to take place. 65 

If a delayed request is detected (BAL J)EL__REQ goes 
high), the LI state machine 300 transitions from the RR state 



to the BAL state, setting the next master state 
N_CURMAST[2:0] ^ me bridge chip 48 and deasserting 
the signal ADV_RR__MAST to disable the level-two 
round-robin arbitration. In the BAL state, the signal OPEN_ 
WINDOW is asserted high if the delayed request is deas- 
serted (BAL_DEL_REQ goes low) or the delayed request 
has been retried (BAL__RETRIED goes high). If the signal 
BAL__DEL_REQ is negated low, or if the delayed request 
BAL_DEL_REQ is asserted high but the retrying master 
request is negated low (RTRYMAST __REQ is low) and the 
slot request ANY_SLOT_REQ is asserted high, then the 
LI state machine 300 transitions back to the RR state. In the 
transition, the signal AD V_RR_MAST is asserted high and 
the next master signals N_CURMASTt2:0] are set equal to 
the next round-robin master N_RR_MAST[2:0]. If the 
signal BAL_DEL_REQ is deasserted, that indicates that 
the arbiter 124 should revert back to the level-two round- 
robin scheme. If the delayed request signal is asserted but 
the retrying master request is negated, then the level-one 
arbitration scheme is between the slots on the PCI bus 32 
and the bridge chip 48. 

If both the delayed request BAL _J)EL_REQ and the 
retrying master request RTRYMAST_REQ are asserted, 
then the LI state machine 300 transitions from state BAL to 

state RETRY MAST, and the retrying master is set as the 

next master (N_CURMASTi;2:0] is set equal to RTRY__ 
MAST[2:0]). The signal AD V_RR_MAST is maintained 
low. In the RETRY_MAST state, if none of the PCI slot 
masters are asserting a request (ANY_SLOT _REQ is low), 
then the level one arbitration scheme is between the retrying 
master and the bridge chip 48, and the LI state machine 300 
transitions back to the BAL state. The bridge chip 48 is set 
as the next master (N_CURMASTt2:0] is equal to the state 
BALBOA), and the signal AD V_ RR__M AST is maintained 
low. However, the LI state machine 300 transitions from the 
RETRY_3IAST state to the RR state if any one of the slot 
masters is asserting a request (ANY_JSLOT__KEQ is high). 

In the transition, the signal AD V RR_MAST is asserted 

high, and the next round-robin master is set as the next 
master (N_CURMAST[2:0] is set equal N_RR_MAST 
[2:0]). 

To take advantage of the streaming capabilities of the 
bridge chip, when data for a DRC starts arriving from the 
cable 28, the master associated with that DRC becomes the 
highest priority device (assuming its REQ_ is asserted). 
This allows the master to receive the data stream coming 
down the cable 28 while the window of opportunity is there 
for streaming. If the bridge chip 48 cannot connect the 
master before the DRC queue fills up, then the upstream 
bridge chip 24 will disconnect and only a portion of the data 
would be passed to the requesting master, necessitating the 
master to issue another read request on the upstream bus 24. 
The streaming master retains the highest priority as long as 
DRC data continues to arrive from the cable 28. If the master 
repeats a different cycle/address, it will be retried, but it will 
maintain ownership of the secondary PCI bus 32 until its 
request goes away or the opportunity for streaming passes. 

Retrying Requests and Multi-Threaded Masters 

Since each bridge chip is a delayed transaction device, if 
a device on the downstream bus 32 issues a read request 
destined for an upstream target, the downstream bridge chip 
48 will issue a retry transaction (described in the PCI 
specification) on the secondary bus 32 and forward the 
request up the cable 28. The retry transaction causes the 
requesting master to give up control of the PCI bus 32 and 
negate its REQ_ line. After negating its REQ_ line, the 
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retried master will re-assert a request for the same cycle at request with the address of the new request. A failed 

a later time, which may result in its GNT_ being asserted (if comparison indicates that the master is multi-threaded. Once 

its REQ_ line is not masked) and the bus master being a multi-master configuration bit CFG2Q_MULTI_ 

retried again until the read completion indication is asserted MASTER[X] (X-l-7) is set high, the bit is maintained high, 

in the downstream bridge chip 48. 5 The signals MULTI_31ASTER[7:1] are generated by a 

Referring to FIG. 25, to avoid the unnecessary servicing decoder 336 The decoder 336 receives signals Q2PIF_ 

of retry requests, the REQ__ line of a secondary bus master SLOTt2:0] (riot ^number Joi _ the curren delayed request 

. J . ^ * . , jT , , . J . from a master), 017:01 MASTER[2:0] (the master associ- 

which issues a retried delayed read or write request is ^ ^ ^ ^ ^ buflfers A ^ DCQ 14g) 

Wropnate one of signak ^02^ Q[7 :01„COMPLETE (the completion status of each of the 

MASK^REQ^l] (request ifrom .the bndge chip 48 which 10 ^ ^ QrylojjART.COMPLETE (the partial 

are reined are not masked) until the delayed completion J£ ^ ' stalus Q L f each of me buffers ^ me del ^ 

returns. In this fashion, other requesting masters are given com F letion e) . For examp , e , if the signal 

priority to get their requests m. As soon as the first infer- qq J|ASlERp.-0] contains the value 4, then that indicates 

mation associated with the delayed completion is returned buffer 0 stores the transaction information of a delayed 

theREQ Imeofmecor^ « t from ^ ^ ^ ^ 4 ^ ^ 

the retned master is able to enter arbitration again. QY„COMPLETE, Y-0-7, if asserted high indicates if 

However, a special case exists for multi-threaded (or DCQ buffer Y has received all the data associated with 

multi-headed) masters on the downstream bus 32 (FIG. delayed request transaction. The signal QY_PART_ 

26B), which are able to assert a first request, get retried, and COMPLETE, Y=0-7, if asserted high indicates that DCQ 

come back with a different request. One such multi-threaded buffer Y has been allocated as the DCQ buffer for a delayed 

bus device is a PCI-PCI bridge 323 connecting the second- transaction of one of the masters but all the data associated 

ary PCI bus 32 and a subordinate PCI bus 325. The bus 325 ^ th e delayed transaction has not been received, 

is connected to network interface cards (NICs) 327A and If ^ CUJTent slot number q 2P IF_SLOTI2:0] is equal to 

327B which are connected to two different networks Thus ^ yalue of one of the ei ^ t maste r indication 

if the request from the NIC 327A for the pru^ary PQ bus32 si k Q[7 :0]_MASTER[2:0], and the corresponding DCQ 

is retned by the bridge chip 48, the NIC 327B can generate buffer fa m the lete or part complete state, then the 

a different request. In this case, the REQ lines of the corresponding one of the bits MULTI_MASTER[7:1] is set 

multi-threaded masters are not masked, as indicated by the Hgh tf the . d DCQ mT fe low ^ the - ^ Q2pTp 

signal CFG2Q_MULH_MASTER[X] being set high. 3o CHECK_CYC is highT TTius, for example, if the signal 

A status register 326 determines if a slot is single-or Q2PIF_SLOT[2:0] contains the value 2, indicating that the 

multi-threaded. On reset, the register 326 is cleared to device in slot 2 is the current master of the delayed request, 

assume that each secondary bus device is single-threaded. and DCQ buffer 5 is storing a pending request for the slot 2 

Each slot is then monitored to determine if it requests a master (Q5_MASTER[2:0]-5), and either of signals 

different cycle while another cycle from the same master is 35 Q5_COMPLETE or Q5_PART_COMPLETE is high, and 

pending. If multi-threaded behavior is observed in a master, if me signal Q2PIF_CHECK^_CYC is high and the signal 

then that master is marked as such by setting the cone- DCQ„HIT is low, then the bit MULTI_MASTER[2] is set 

sponding bit CFG2Q_MULTI_MASTER[X] high. high to indicate that the slot 2 device is a multi-threaded 

The input of the status register 326 is connected to the master, 

output of a 14:7 multiplexer 328, whose 0 input is connected 40 A mask request generation block 332 produces signals 

to the output of a 14:7 multiplexer 330 and whose 1 input is Q2A__MASkLrEQ[X] (X=4-7) in response to signals 

connected to address bits P2Q__AE>[22:16]. A select signal Q[7:01_MASTER[2:0], Q[7:01_STATE[3:0] (which indi- 

CFGWIL31M selects the 0 and 1 inputs of the multiplexer cates the state of delayed completion queues 0-7), SLOT_ 

328. When asserted high, the signal CFGWR_MM causes WITH_DATA[7:0] (which indicate if delayed completion 

a configuration write of the status register 326 from the data 45 Qs 0-7 contain valid data), CFG2Q_31ULTI_31ASTER 

bits P2Q_AD[22:16], allowing software control of the bits [X] (X-l-7), CFG2Q_ALWAYS_MASK, and CFG2Q_ 

in the register 326. The 1 input of the multiplexer 330 NEVER_MASK. 

receives multi-master signals MULTI_MASTER[7:1], the 0 Referring to FIG. 26A, the mask request generation block 

input receives the output of the register 326, and the mul- 332 includes a 2:1 multiplexer 320 for producing the signal 

tiplexer 330 is selected by a signal MULTI_SEL. The signal 50 Q2A_MASK__REQ[X] (X=l-7). The 1 input of the mul- 

MULTI_SEL is generated by an AND gate 338, whose first tiplexer 320 is connected to the output of an OR gate 322 and 

input receives a signal Q2PIF_CHECK_CYC (asserted the 0 input is tied low. The select input of the multiplexer 

high to indicate that the current transaction information 320 is driven by a signal MASK_MUXSEL. One input of 

should be checked with information stored in the queue the OR gate 322 is connected to the output of a NOR gate 

block 127 for a match, such as during a delayed memory 5S 324, which receives a signal CFG2Q_MULTI_M ASTER 

read or write request from a bus device on the secondary PCI [x] (indicating a multi-threaded master), and the other input 

bus 32), and the other input receives the inverted state of a receives a signal CFG2Q__NEVER_MASK (a configura- 

signal DCQ_HIT (indicating that the current address infor- uon b j t indicating that the request line should not be masked 

mation does not match the address information associated jf a multi-threaded master is detected). The other input of the 

with a pending request of the requesting master in the DCQ ^ OR gate 322 receives a signal CFG2Q_^ALWAYS_31ASK, 
148). Thus, if a failed comparison occurred, the value of which is a configuration bit indicating that the corresponding 

signals CFG2Q_JVfULTI_MASTER[7:l] is updated. mask bit Q2A_>1ASK_JIEQ[X] should always be masked 

A bit MULTI_MASTER[X] is asserted high if master X if the signal MUXSEL is asserted high. The signal MASK_ 

has a pending request that has been retried, and master X MUXSEL is asserted high if the request from the secondary 

subsequently comes back with a different request. This is 65 bus master is not to data already existing in the queue block 

checked by comparing the transaction information (e.g., 127, i.e., the request must be transmitted to the primary PCI 

address, byte enables, data for a write) of the pending bus 24. Thus each time a request is transmitted from a device 
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on the secondary PCI bus 32 upstream to the primary PCI 
bus 24, a check is performed on bits CFG2Q_MULTI_ 
MASTER[7:1] to determine if a multi-threaded master has 
been detected. 

The masking of requests can be overridden by setting the 
appropriate bits in the configuration registers 125. The 
available modes include: 1) normal mode in which request 
masking is enabled except if multi-threaded master 
(CFG2Q_NEVER_MASK=0, CFG2Q__ALWAYS„ 
MASK=0), 2) always mask mode in which requests from 

retried masters are masked even if multi-threaded (CFG2Q 

ALWAYS__MASK-1), and 3) never mask mode in which 
the requests are never masked (CFG2Q_NEVER __MASK- 
1, CFG2Q_^ALWAYS__MASKED»0). 

Expansion Card Insertion and Removal Connecting 
Expansion Cards 

As shown in FIGS. 1 and 27 A, the two expansion boxes 
30a and 306, of common design 30, each have the six 
hot-plug slots 36 (36a-/) in which the conventional expan- 
sion cards 807 can be inserted and removed (hot-plugged) 
while the computer system 10 remains powered up. The six 
mechanical levers 802 are used to selectively secure (when 
closed, or latched) the expansion cards 807 that are inserted 
into corresponding hot-plug slots 36. For purposes of 
removing or inserting the expansion card 807 into one of the 
slots 36, the corresponding lever 802 must be opened, or 
unlatched, and as long as the lever 802 is opened, the 
corresponding slot 36 remains powered down. 

When the lever 802 that secures the expansion card 807 
to its slot 36 is opened, the computer system 10 senses this 
occurrence and powers down the card 807 (and correspond- 
ing slot 36) before the card 807 can be removed from its slot 
36. Slots 36 that are powered down, like other slots 36 not 
holding cards 807, remain powered down until software of 
the computer system 10 selectively powers up the slots 36. 

The card 46 inserted into the card slot 34 has the bridge 
chip 48 that monitors the securement status (open or closed) 
of the levers 802 and powers down any card 807 (and 
corresponding slot 36) that is not secured by its lever 802. 
Software of the computer system 10 can also selectively 
power down any one of the slots 36. 

The cards 807 are powered up through a power up 
sequence and powered down through a power down 
sequence. In the power up sequence, power is first supplied 
to the card 807 being powered up, and thereafter, a PCI clock 
signal (from the PCI bus 32) is furnished to the card 807 
being powered up. Remaining PCI bus signal lines of the 
card 807 are then coupled to corresponding lines of the PCI 
bus 32. Lastly, the reset signal for the card 807 being 
powered up is negated which brings the card 807 out of 
reset. 

The power up sequence allows the circuitry of the card 
807 being powered up to become fully functional with the 
PCI clock signal before the remaining PCI bus signals are 
provided. When the clock signal and remaining PCI bus 
signals are connected to the card 807 and before the card 807 
is reset, the bridge chip 48 has control of the PCI bus 32. 
Because the bridge chip 48 has control of the PCI bus 32 
during these times, potential glitches on the PCI bus 32 from 
the power up sequence do not disturb operations of the cards 
807 that are powered up. 

In the power down sequence, the card 807 being powered 
down is first reset. Next, the PCI bus signals, excluding the 
PCI clock signal, are removed from the card 807. The bridge 
chip 48 subsequently disconnects the PCI clock signal from 
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the card 807 before power from the card 807 is removed. 
The power down sequence minimizes the propagation of 
false signals from the card 807 being powered down to the 
bus 32 because circuitry on the card 807 remains fully 
functional until the PCI bus signal lines are removed. 

When the PCI clock signal and remaining PCI bus signals 
are disconnected, and when the card 807 is reset, the bridge 
chip 48 has control of the PCI bus 32. Because the bridge 
chip 48 has control of the PCI bus 32 during these times, 
potential glitches on the PCI bus 32 from the power down 
sequence do not disturb operations of the cards 807 that are 
powered up. 

The bridge chip 48 includes the Serial Input/Output (SIO) 
circuit 50 which controls the power up and power down 
sequences of the slots 36 through twenty-four control signals 
POUT[39:16]. The control signals POirr[39:16] are a sub- 
set of forty output control signals POUTp9:0] generated by 
the SIO circuit 50. The control signals POUT[39:16] are 
latched versions of slot bus enable signals BUSEN#[5:0], 
slot power enable signals PWREN[5:0], slot clock enable 
signals CLKEN#[5:0] and slot reset signals RST#[5:0], all 
internal signals of the SIO circuit 50, further described 
below. The control signals POUT[39:0] and their relation- 
ship to the signals BUSEN#[5:0], PWREN[5:0], CLKEN# 
[5:0] and RST#[5:0] are described in the following table: 
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PARLLEL OUTPUT CONTROL SIGNALS (POUTl39:0T) 



WHEN 



SIGNAL 




ASSOCIATED 


SIGNAL 


POSI- 




CONTROL 


IS 


TION 


DESCRIPTION 


SIGNALS 


ACTIVE 


O-ll 


Control signals Cor LEDs 54 






12-15 


General purpose output signals 


GPOA [3:0] 




16 


Reset signal for slot 36a 


(RST#[0]) 


Low 


17 


Reset signal for slot 36b 


(RSTWflD 


Low 


18 


Reset signal for slot 36c 


(RST#[2D 


Low 


19 


Reset signal for slot 36d 


(RST#[3D 


Low 


20 


Reset signal for slot 36e 


(RST#[4]) 


Low 


21 


Reset signal for slot 36f 


(RST#[5D 


Low 


22 


Clock enable signal for slot 36a 


(CLKEN#[0D 


Low 


23 


Clock enable signal for slot 36b 


(CLKENflllD 


Low 


24 


Clock enable signal for slot 36c 


(CLKEN*[2D 


Low 


25 


Clock enable signal for slot 36d 


(CLKEN#[3D 


Low 


26 


Clock enable signal for slot 36e 


(CLKEN*[4D 


Low 


27 


Clock enable signal for slot 36f 


(CLKEN#[5D 


Low 


28 


Bus enable signal for slot 36a 


(BUSEN#[0D 


Low 


29 


Bus enable signal for slot 36b 


(BUSEN#[1J 


Low 


30 


Bus enable signal for slot 36c 


(BUSEN#[2]) 


Low 


31 


Bus enable signal for slot 36d 


(BUSEN#[3D 


Low 


32 


Bus enable signal for slot 36e 


(BUSEN#[4D 


Low 


33 


Bus enable signal for slot 36f 


(BUSEN#[5D 


Low 


34 


Power enable signal for slot 36a 


(PWREN[0D 


High 


35 


Power enable signal for slot 36b 


(PWREN[1]) 


High 


36 


Power enable signal for slot 36c 


(PWRENT2D 


High 


37 


Power enable signal for slot 36d 


(PWREN[3D 


High 


38 


Power enable signal for slot 36e 


(PWREN[4D 


High 


39 


Power enable signal for slot 36f 


(PWRFN[5J) 


High 



As shown in FIGS. 2 and 28, each hot-phig slot 36 has the 
associated switch circuitry 41 for connecting and discon- 
necting the slot 36 to and from the PCI bus 32. The switch 
circuitry 41 for each slot 36 receives four of the control 
signals POUT[39:16]. As an example, for the slot 36a, when 
the control signal POUT[28] is asserted, or low, the slot 36a 
is connected to the bus signal lines of the PCI bus 32 by a 
switch circuit 47. When the control signal POUT[28] is 
deasserted, or high, the slot 36a is disconnected from the bus 
signal lines of the PCI bus 32. 

When the control signal POUT[22] is asserted, or low, the 
slot 36a is connected to a PCI clock signal CLK through a 
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switch circuit 43. When the control signal POUT[22] is 
deasserted, or high, the slot 36a is disconnected from the 
clock signal CLK. 

When the control signal POUT[34] is asserted, or high, 
the slot 36a is connected to a card voltage supply level V ss 
through a switch circuit 45. When the control signal POUT 
[34] is deasserted, or low, the slot 36a is disconnected from 
the card voltage supply level V^. 

When the control signal POUT[16] is asserted, or low, the 
slot 36a is reset and when the control signal POUT[16] is 
deasserted, or high, the slot 36a comes out of the reset state. 

As seen in FIG. 2, the SIO circuit 50 may selectively 
monitor up to one hundred twenty eight (sixteen bytes) of 
latched status signals STATUS[127:0] furnished by the 
expansion box 30. The status signals STATUS[127:0] form 
a "snapshot" of selected conditions of the expansion box 30. 
The status signals STATUS[127:0] include six status signals 
STATUS[5:0] which indicate the securement status (opened 
or closed) of each of the levers 802. The SIO circuit 50 
monitors the status signals STATUS[31:0] for changes in 
their logical voltage levels. The SIO circuit 50 serially shifts 
the status signals STATUS[127:32] into the SIO circuit 50 
when instructed to do so by the CPU 14. 

The SIO circuit 50 serially receives the status signals 
STATUS[127:0], least significant signal first, via a serial 
data signal NEW_CSID. The data signal NEW_CSID is 
furnished by the serial output of the thirty-two bit, parallel 
input shift register 82 located on board the expansion box 30 
along with the slots 36. 

The register 82, through its parallel inputs, receives 
twenty-four parallel status signals PIN[23:0], four associ- 
ated with each of the hot-plug slots 36, that are included in 
the thirty-two least significant status signals STATUS[31:0]. 
When the status indicated by one or more of the status 
signals STAXUS[31:0] changes (the logical voltage level 
changes), the bridge chip 48 generates an interrupt request 
to the CPU 14 by asserting, or driving low, a serial interrupt 
request signal SI__INTR# which is received by the interrupt 
receiving block 132. The status signals PIN[23:0] include 
two PCI card presence signals (PRSNT1# and PRSNT2#) 
associated with each slot 36. 

Six status signals PIN[5:0], corresponding to their latched 
versions, status signals STATUS[5:0], indicate the 
securement, or engagement, status (open or closed) of each 
the levers 802. Six sliding switches 805 (FIGS. 27A-27C) 
are actuated by the movement of their corresponding levers 
802 and are used to electrically indicate the securement 
status of the corresponding lever 802. Each switch 805 has 
a first terminal coupled to ground and a second terminal 
furnishing the corresponding one of the status signals PIN 
[5:0]. The second terminal is coupled to a supply voltage 
level through one of six resistors 801. 

If one of the levers 802 opens and the card 807 secured by 
the lever 802 becomes unsecured, the corresponding one of 
the status signals PIN[5:0] is asserted, or driven high. As an 
example, for the slot 36a, the status signal PIN[0] is 
deasserted, or driven low, when the corresponding lever 802 
is closed. When the lever 802 for the slot 36a is opened, the 
status signal PIN[0] is asserted, or driven high. 

The register 82 also receives a serial stream of latched 
status signals STATUS[127:32] that do not cause interrupts 
when the logical voltage level of one of the signals STATUS 
[127:32] changes. The status signals STATUS[127:32] are 
formed by the sixteen bit shift register 52 located on board 
the expansion box 30 with the slots 36. The shift register 52 
receives status signals at its parallel inputs and latches the 
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status signals STATUS[127:32] when instructed to do so by 
the SIO circuit 50. The shift register 52 serializes the status 
signals STATUS[127:32] and furnishes the signals STATUS 
[127:32] to the serial input of the register 82 via a serial data 
signal CSID__I. 

When instructed by the SIO circuit 50, the register 82 
latches status signals PIN[23:0], forms the status signals 
STATUS[31:0], furnishes the status signals STATUS[31:0] 
and furnishes a byte or more of the status signals STATUS 
[127:32] (when requested by the CPU 14), in a least sig- 
nificant signal first fashion, to the SIO circuit 50 via the 
serial data signal NEW_CSID. The status signals STATUS 
[127:0] are described by the following table: 
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9 
10 
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18 
19 
20 
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26 
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28 
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Lever 802 status signal for slot 36a (PIN[0D 
Lever 802 status signal for slot 36b (PIN[1D 
Lever 802 status signal for slot 36c (PINpj) 
Lever 802 status signal for slot 36d (PIN[3]) 
Lever 802 status signal for slot 36e (PIN[4D 
Lever 802 status signal for slot 36f (PIN[5D 
Reserved for lever 802 status signal for additional hot-plug 
slot 

Reserved for lever 802 status signal for additional hot-plug 
slot 

PRSNT2# signal for slot 36a (PIN[6D 
PRSNT2# signal for slot 36b (PINf7|) 
PRSNT2# signal for slot 36c , (PIN[8]) 
PRSNT2# signal for slot 36d (PIN[9D 
PRSNT2# signal for slot 36e (PIN[10D 
PRSNT2* signal for slot 36f (PINIllI) 
Reserved for PRSNT#2 signal for additional hot-plug slot 36 
Reserved for PRSNT#Z signal for additional hot-plug slot 36 
PRSNT1# signal for slot 36a (PIN[12]) 
PRSNT1# signal for slot 36b (PIN113]) 
PRSNT1# signal for slot 36c (PIN114D 
PRSNT1# signal for slot 36d (PINU5D 
PRSNT1# signal for slot 36e (PIN[16D 
PRSNT1# signal for slot 36f (PIN[17]) 
Reserved for PRSNT1# signal for additional hot-plug slot 36 
Reserved for PRSNT1# signal for additional hot-plug slot 36 
Power fault status for slot 36a (PIN[18]) 
Power fault status for slot 36b (PIN[19]) 
Power fault status for slot 36c (PIN[20D 
Power fault status for slot 36d (PIN[21D 
Power fault status for slot 36c (PIN[22D 
Power fault status for slot 36f (PIN[23J) 
Reserved for power fault status for additional hot-plug 
slot 36 

Reserved for power fault status for additional hot-plug 
slot 36 

Status signals that do not cause interrupt requests when their 
status changes 



As shown in FIGS. 2 and 30, when the SIO circuit 50 
asserts, or drives low, a register load signal CSIL_0_, the 
shift register 52 latches the status signals STATUS[127:32] 

55 and the shift register 82 latches the status signals STATUS 
[31:0]. When the SIO circuit 50 negates, or drives high, the 
signal CSIL_0_, both the registers 52 and 82 serially shift 
their data to the SIO circuit 50 on the positive edge of a clock 
signal CSIC_0 furnished by the SIO circuit 50. The clock 

60 signal CSIC O is synchronized to and one fourth the 

frequency of the PCI clock signal CLK. 

As shown in FIG. 29, for purposes of monitoring, or 
scanning, the status signals STATUS[31:0], the SIO circuit 
50 uses a thirty-two bit interrupt register 800 whose bit 

65 positions correspond to the signals STATUS[31:0]. The SIO 
circuit 50 updates the bits of the interrupt register 800 to 
equal the corresponding status signals STATU S[31:0] that 
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have been denounced, as further described below. Two status cleared by the SIO circuit 50 after the requested byte has 

signals STATUS[7:6] are reserved for additional hot-plug been shifted into the serial data register 815. 

slots 36, and the seventh and eighth most significant bits of The CPU 14 can power up one of the slots 36 by writing 

the interrupt register 800 are also reserved for the additional a "1" to a corresponding bit of a slot enable register 817 and 

slots 36. The interrupt register 800 is part of a register logic 5 disable the slot 36 by writing a "(T to this bit. Furthermore, 

block 808 of the SIO circuit 50 which is coupled to the PCI the CPU 14 can reset one of the slots 36 by writing a "1" to 

bus 32. a corresponding bit of a slot reset register 819. The contents 

« . , . , . <w* A e tU CT « . % - A of the slot enable 817 and slot reset 819 registers are 

Serial scan mput logic 804 of the SIO circuit 50 sequen- 4 , c, T ~~ nKir - nl , of ™- oc ™ 

„ •* *u ♦ • i cTATTTcm m represented by signals SLOT_EN[5:0] and SLOT_RST_ 

tially scans, or monitors, the status signals STATUS[31:0], r^-. resoect / ve iY 

least significant signal first, for changes, as indicated by 10 L * . 4 « . - 4 , , , 

. . ^ . , • i • i i* i i , tL r To initiate the request indicated by the slot enable 817 and 

transitions in their logical volt^veR If the status of one ^ cp V 14 ^ a « r to „ so bit of 

or more of the status signals SWUS[5:0] associated with ^ 814 M{CT me SQ Wt ^ (which 

the levers 802 changes, the serial scan mput logic 804 enters Qf driws highj a G 0__UPDATE signal), the SIO 

a slow scan mode such that the status signals STATUS[5:0] circuit 50 initiates and controls the required power down 

are scanned thirty-two times within a predetermined 15 and/or power up sequences. 

denounce time interval. If one or more of the status signals The serial scan input logic 804 is coupled to ON/OFF 

STATUS[5:0] changes, the serial scan input logic 804 control logic 820 which controls the power up and power 

updates the interrupt register 800 (and asserts the serial down sequences. The ON/OFF control logic 820 furnishes 

interrupt signal SI_INTR#) if the changed status signal me signals BUSEN#[5:0], CLKEN#[5:0], RST#[5:0] and 

STATUS[5:0] remains at the same logical voltage level for 20 pwREN[5:0] to serial output logic 824. 

at least a predetermined debounce time interval. The serial Each power up or power down sequence involves four 

scan input logic 804 is coupled to programmable timers 806 shift phases during which another step of the power down or 

which generate and indicate the end of the debounce delay power up sequence is performed. During each shift phase, 

interval initiated by the serial scan logic 804. Requiring the me 0N/0 FF control logic 820 instructs the serial output 

status to remain stable for the debounce time interval 25 824 tQ ^ control signals BUSEN#[5:0], 

minimizes the inadvertent powering down of one of the CLKEN#[5:0], RST#[5:0] and PWREN[5:0]; latch these 

hot-plug slots 36 due to a false value (i.e., a "glitch") signals; and serially furnish these signals (via a serial data 

indicated by one of the status signals STATUS[5:0]. When signal CS0D_0) to the serial input of an output shift 

all of the status signals STATUS[5:0] remain at the same rcgister gQ M end of each shm phasej me ON/OFF control 

logical voltage level for at least the debounce time interval, 30 ^ m instructs the shift register go t0 update the control 

the serial scan input logic 804 then proceeds to once again signals P0UT[35 - 12] 

scan all thirty-two status signals SWUS[31:0] in the faster ^ qj^/qFF control logic 820 is also interfaced to the 

***** mode - register logic 808 and Light Emitting Diode (LED) control 

If the serial scan input logic 804 detects a change in one i og j c g22. The LED control logic 122 controls the on/off 

of the status signals STXTUS[31:6], the serial scan input status D f the six LEDs 54, which visually indicate whether 

logic 804 instructs the timers 806 to measure another the corresponding levers 802 are latched or unlatched. The 

debounce delay interval, subsequently asserts the serial LEDs 54 can be programmed to blink when turned on 

interrupt signal SI_INTR#, updates the interrupt register through LED control registers (not shown) of the register 

800 with the signals STATUS[31:6] that have changed, and logic 808. 

ignores further changes in the status signals STATUS[31:6] 40 M ^ own in nG 31A> me ^ai scan input logic 804 

until the debounce time interval expires. After expiration of includes a scan state machine 840 which controls the scan- 

the debounce time interval, the serial scan input logic 804 ning of me status signals STATUS[31:0] for changes and 

proceeds to recognize changes in the thirty-two status sig- controls the shifting of a selected byte of the status signals 

nals STATUS[31:0]. ^ STATUS[47:0] into the serial input byte register 815. 

When the serial interrupt signal SI_INTR# is asserted, The scan state machine 840 is clocked on the negative 

the CPU 14 subsequently reads the interrupt register 800, e dg e of a clock signal DIV2CLK, which is synchronized to 

determines which (may be more than one) status signals a PCI clock signal CLK and one half of the frequency of the 

STATUS[31:0] caused the interrupt, and deasserts the serial pa clock signal CLK. The load and clock signals, CSIL„ 

interrupt signal SI_INTR#by writing a "1" to the bit or bits 5Q o_ and CSIC_0, respectively, are fiirnished by the scan 

of the interrupt register 800 that have changed. sta te machine 840. The clock signal, when enabled, is 

The CPU 14 may selectively mask interrupt requests synchronized to the clock signal CSIC__0. 

caused by the status signals STATUS[31:0] by writing a "1" A bit/byte counter 841, through a thirty-two bit signal 

to a corresponding bit of a thirty-two bit interrupt mask BiT_JVCTIVE[31:0], indicates which bit of the status sig- 

register 810. The CPU 14 can also selectively read any byte 55 nals STXTUS[31:0] is currently represented by the serial 

of the status signals STATUS[47:0] by writing a byte num- data signal NEW_CSID. The asserted bit of the signal 

ber of the selected byte to a serial input byte register 812. BIT_^ACnVE[31:0] has the same bit position as the status 

The SIO circuit 50 then transfers the desired byte into a signal STATUS[31:0] represented by the data signal NEW_ 

serial data register 815. CSID. 

For example, to read the third byte (byte number two) of 60 The counter 841 also furnishes a three bit signal B1T[2:0] 

the status signals STAXUS[23:16], the CPU 14 writes a "2" which represents which bit of the current byte of the status 

to the serial input byte register 812. The serial scan input signals STATUS[31:0] is currently being scanned by the 

logic 804 then serially shifts byte two of the status signals scan state machine 840. The counter 841 is clocked on the 

STATUS[23:16] into the serial data register 815. A busy negative edge of a signal SHIFT_ENABLE. The outputs of 

status bit BS of the serial input byte register 812 is equal to 65 the counter 841 are reset, or cleared, when the output of an 

"1" when the CPU 14 initially writes the desired byte AND gate 842, connected to the clear input of the counter 

number to the serial input byte register 812. The bit BS is 841, is negated. 
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The scan state machine 840 furnishes a signal SCAN_ scanning), and the asserted bit indicates which one of the 

IN_JDLE which when asserted, or high, indicates that the corresponding status signals STATUS[31:0] is represented 

scan state machine 840 is in an IDLE state and not currently by the signal NEW_CSID. Thus, when the scan state 

scanning any of the status signals STATUS[ 127:0]. The machine 840 is scanning, on every positive edge of the clock 

signal SCAN _JN _JDLE is deasserted otherwise. 5 signal CLK, the signals SCAN_SW[5:0] are updated. 

The signal SCAN_IN__IDLE is furnished to one input of The bit enable signals BIT_ENABLE[31:0] are furnished 
the AND gate 842. The other input of the AND gate 842 is by the output of a multi-bit multiplexer 832 that receives the 
connected to the output of an OR gate 843. One input of the bits BIT_ACITVE[31:0] at its one input. The zero input of 
OR gate 843 receives an inverted HOLD__OFF signal, and the multiplexer 832 receives a thirty-two bit signal indica- 
tive other input of the OR gate 843 receives a signal 10 live of logic zero. The select input of the multiplexer 832 
GETTING JYTE. receives the signal SMFT_ENABLE. 

The signal HOLD_OFF, when asserted, or driven high, For purposes of detecting a change in the status signals 

indicates that a change in one of the status signals STATUS STATUS[5:0], a multi-bit, Exclusive Or (XOR) gate 848 

[5:0] has been detected, and the serial scan logic 804 has furnishes switch change signals SW_CHG[5:0]. When one 

entered the slow scan mode. In the slow scan mode, the of the signals SW_CHG[5:0] is asserted, or high, the logical 

serial scan input logic 804 waits for a predetermined slow voltage of the corresponding status signal STATUS[5:0] 

scan interval before traversing the status signals STATUS changed during successive scans. One input of the XOR gate 

[31:0] again. The serial scan input logic 804 counts the 848 is connected to the input of the flip-flop 836, and the 

number of times the serial scan signals STATUS[5:0] are ome r input of the XOR gate 848 receives the signals 

scanned during the slow scan mode and uses this count to SCAN_SW[5:0]. 

determine when one of the status signal STATUS[5:0] has 20 M shown m pic. 31D, for purposes of indicating when 

remain unchanged for the denounce delay interval, as further me i og j ca i voltage level of a selected status signal STATUS 

described below. [5:0] has remained at the logical voltage level for at least the 

Therefore, when the scan state machine 840 is in the duration of the debounce delay interval, the scan input logic 

IDLE state and the either the HOLD_OFF signal is deas- g()4 has six signals LSWITCH[5:0]. The non-inverting input 

serted or the scan state machine 840 is reading in a selected G f a D-type flip-flop 900 furnishes the signal LSWITCH[5] 

byte (selected by the CPU 14) of the status signals STATUS at its non-inverting output. The signal LSWITCH[5] is 

[47:0], all outputs of the counter 841 are cleared, or set equal asserted, or driven high, to indicate the above-described 

1° ^ro- condition and deasserted otherwise. The flip-flop 900 is 

The signal SHIFT ENABLE is furnished by the output of 3Q clocked on the positive edge of the clock signal CLK, and 

an AND gate 844. One input of the AND gate 844 receives the clear input of the flip-flop 900 receives the RST signal, 

the clock signal CSIC_0. Another input of the AND gate The input of the flip-flop 900 is connected to the output of 

844 receives a signal DI V2CLK#. The signal DIV2CLK# is a multiplexer 902 which furnishes a D_LSWTTCH[5] sig- 

asserted, or driven low, on the negative edge of the signal na i. The select input of the multiplexer 902 is connected to 

CLKDIV4. The third input of the AND gate 844 receives a 35 the output of an AND gate 903 that receives a MAX5 signal 

signal SCAN__IN_PROGRESS, which when asserted, or an d a SCAN__END signal. The SCAN__END signal, when 

driven high, indicates that the scan state machine 840 is asserted, indicates the scan state machine 840 has completed 

currently scanning the status signals STATUS[127:0], and the current scan. Five signals (MAX5, MAX4, MAX3, 

the signal SCAN.JNJROGRESS is deasserted otherwise. MAX2, MAX1 AND MAX0) indicate whether the corre- 

Therefore, when the scan state machine 840 is not shifting ^ sponding status signal STATUS[5], STATUS[4], STATUS 

in the status signals STATUS[127:0], the counter 841 is [3], STATUS[2], STATUS[1], or STATUS[0], respectively, 

disabled. Furthermore, when enabled, the counter 841 is has remained at the same logical voltage level for a least the 

clocked on the negative edge of the clock signal DIV2CLK. duration of the denounce time interval. The zero input of the 

The interrupt register 800 receives input signals multiplexer 902 receives the signal LSWTTCH[5], and the 

D_INTR_REG[31:0] at its corresponding thirty-two 45 one input of the multiplexer 902 receives the signal SCAN__ 

inputs. The load enable inputs of the interrupt register 800 SW[5], The signal SCAN_END is furnished by the output 

receive corresponding load enable signals UPDATE_IRQ of an AND gate 851 (FIG. 31B). The AND gate 851 receives 

[31:0]. The interrupt register 800 is clocked on the positive a signal STOP_SCAN and a signal SCAN DONE. The 

edge of the PCI clock signal CLK. signal STOP_SCAN is asserted, or driven high, when 

For purposes of keeping track of the status signals 50 conditions for ending the scanning by the scan state machine 

STATUS[5:0] after each scan, a multi-bit, D-type flip-flop 840 are present, as further described below. The signal 

836 furnishes status signals SCAN_SW[5:0]. The clear SCAN_END is a pulsed (for one cycle of the CLK signal) 

input of the flip-flop 836 receives the reset signal RST, and version of the STOP_SCAN signal. The signals LS WITCH 

the flip-flop 836 is clocked on the positive edge of the clock [4]-LSWITCH[0] and D_LSWTTCH[4]-D_XSWITCH[0] 

signal CLK The input of the flip-flop 836 is connected to the 55 are generated in a similar fashion from the respective 

output of a multi-bit OR gate 850 which has one input SCAN_SW[4]-SCAN_SW[0] signals and the respective 

connected to the output of a multi-bit AND gate 846 and one signals M AX4-MAX0. 

input connected to the output of a multi-bit AND gate 847. For purposes of updating the logical voltage level of the 

One input of the AND gate 846 receives six bit enable status signals STATUS[31:6] as these signals are scanned in, 

signals BIT_ENABLE[5:0] (described below) and the other 60 a multi-bit D-type flip-flop 905 (FIG. 31D) furnishes 

input of the AND gate 846 receives the serial data signal twenty-six signals SCAN_NSW[31:61. One of the signals 

NEW CSID. One input of the AND gate 847 receives SCAN _J<SW[31:6] is asserted, or driven high, to indicate 

inverted bit enable signals BIT_ENABLE[5:0], and the this condition and deasserted otherwise. The flip-flop 905 is 

other input of the AND gate 847 receives the signals clocked on the positive edge of the clock signal CLK, and 

SCAN_SW[5:0]. 65 the clear input of the flip-flop 905 receives the RST signal. 

Only one of the bit enable signals BIT _J2NABLE[5:0] is The input of the flip-flop 905 is connected to the output of 
asserted at one time (when the scan state machine 840 is a multi-bit multiplexer 906. The select input of the multi- 
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plexer 906 receives an inverted CHEC1C_SWITCH_J3NLY 
signal. The CHECK„SWITCH_ONLY signal is asserted, 
or driven high, when the scan state machine 840 is only 
scanning the status signals STATUS[5:0] or status signals 
STATUS[127:32] (i.e., ignoring changes in the signals 
STATUS[31:6]) and deasserted otherwise. The zero input of 
the multiplexer 906 receives the signals SCAN_NSW 
[31:6], and the one input of the multiplexer 906 is connected 
to the output of a multi-bit OR gate 907. One input of the OR 
gate 907 is connected to the output of a multi-bit AND gate 
908, and the other input of the OR gate 907 is connected to 
the output of a multi-bit AND gate 872. 

One input of the AND gate 908 receives the signals 
BIT_ENABLE[31:6]. The other input of the AND gate 908 
is connected to the output of a multi-bit multiplexer 909. If 
the NEW_CSID signal is asserted, or high, the multiplexer 
909 furnishes a twenty-six bit signal equal to "h3FFFFFF." 
Otherwise, the multiplexer furnishes a twenty-six bit signal 
equal to "0." One input of the AND gate 872 is connected 
to the inverted output of the AND gate 908, and the other 
input of the AND gate 872 receives the signals SCAN_ 
NSW[31:6]. 

For purposes of storing the logical voltage level of the 
status signals STATUS[31:6] after every scan, a multi-bit, 
D-type flip-flop 871 furnishes twenty-six signals LNON_ 
SW[31:6]. One of the signals LNON_SW[31:6] is asserted, 
or driven high, to indicate this condition and deasserted 
otherwise. The flip-flop 871 is clocked on the positive edge 
of the clock signal CLK, and the clear input of the flip-flop 
871 receives the RST signal. 

The input of the flip-flop 871 is connected to the output of 
a multi-bit multiplexer 870 which furnishes the signals 
D_LNON_SW[31:6]. The select input of the multiplexer 
870 receives the signal SCAN__END. The zero input of the 
multiplexer 870 receives the signals LNON__SW[31:6], and 
the one input of the multiplexer 807 receives the signals 
SCAN_NSW[31:6], 

As shown in FIG. 31B, for purposes of generating the 
MAX0, MAX1, MAX2, MAX3, MAX4, and MAX5 
signals, the serial input logic 804 includes six counters 
831a-/*, respectively, of common design 831. Each counter 
831 is initialized (to a predetermined count value) when an 
AND gate 892 asserts, or drives high, its output. For the 
counter 831a, the AND gate 892 receives the signal BIT_ 
ENABLE[0], the signal SW_CHG[0] and an inverted signal 
QUI CK_FILTER . The signal QUICK_FILTER, when 
asserted, or high, can be used to circumvent the denounce 
time interval. The QUICKJFILTER signal is normally 
deasserted, or low. The clock input of the counter 831 is 
connected to the output of an AND gate 893. For the counter 
831a, the AND gate 893 receives the BIT_ENABLE[0] 
signal, the inverted SW_CHG[0] signal, the inverted 
GETTING JYTE signal, and the inverted MAX0 signal. 
Therefore, for the counter 831a, once the logical voltage of 
the status signal STATUS[0] changes, each time the serial 
scan logic 804 scans the status signal STATUS[0], the 
counter 831a is incremented. When the counter 831a 
reaches its maximum value, the signal MAX0 is asserted 
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interval which puts the serial scan state machine 840 in the 
slow scan mode. When the timer 806 completes measuring 
this delay interval, the timer 806 asserts, or drives high, a 
FTR_JTMEOUT signal which is otherwise deasserted, or 
negated. The product of this slow scan interval and the 
number of counts for the counter 831 to reach its maximum 
value is equal to the denounce time interval (8 ms). 

The HOLD_OFF signal is furnished by the output of a JK 
flip-flop 885. The flip-flop 885 is clocked on the positive 
edge of the CLK signal, and the clear input of the flip-flop 
885 receives the RST signal. The J input is connected to the 
output of an AND gate 883, and the K input is connected to 
the output of an AND gate 884. One input of the AND gate 
884 is connected to the output of a JK-type flip-flop 896, and 
the other input of the AND gate 883 receives the SCAN_ 
END signal. One input of the AND gate 884 is connected to 
the inverted output of the AND gate 883, one input of the 
AND gate 884 receives the FTR_TIMEOUT signal, and 
another input of the AND gate 884 receives a SCAN_IN_ 
IDLE signal, which is asserted when the scan state machine 
840 is in its IDLE state, as further described below. 

The flip-flop 895 is clocked on the positive edge of the 
CLK signal, and the clear input of the flip-flop 895 receives 
the RST signal. The J input is connected to the output of a 
NAND gate 894 which receives the MAX0, MAX1, MAX2, 
MAX3, MAX4 and MAX5 signals. The K input is con- 
nected to the output of an AND gate 826 which is connected 
to the inverted J input of the flip-flop 895 and receives an 
inverted SCAN_IN_PROGRESS signal which is asserted 
30 when the scan state machine 840 is scanning the status 
signals STATUS[31:0]. 

For purposes of generating the CHECK^_SWITCH__ 
ONLY signal, the serial scan input logic 804 includes a 
JK-type flip-flop 864 which furnishes the CHECK_ 
SWITCH_ONLY signal at its non-inverting output and is 
clocked on the positive edge of the CLK signal. The clear 
input of the flip-flip 864 receives the RST signal, and the J 
input of the flip-flop 864 receives a DEBOUNCE signal, 
which when asserted, or driven high, indicates that one of 
the logical voltage level of one or more of the status signals 
STATUS[31:6] has changed. The K input of the flip-flop 864 
is connected to the output of a AND gate 865. One input of 
the AND gate 865 receives the inverted DEBOUNCE signal, 
and one input of the AND gate 865 receives the SCAN_ 
IN_IDLE signal. 

As shown in FIG. 31C, the denounce signal DEBOUNCE 
is furnished by the non-inverting output of a JK-type flip- 
flop 860. The flip-flop 860 is clocked by the positive edge of 
the clock signal CLK, and the clear input of the flip-flop 860 
receives the reset signal RST. The J input of the flip-flop 860 
receives a signal CHANGE_ON„INPUT signal. The 
CHANGE_ON_INPUT signal is asserted, or driven high, 
when a change in one of the status signals STATUS[31:6] is 
detected at the end of a scan by the serial input logic 804 and 
deasserted otherwise. The K input is connected to the output 
of an AND gate 861 which receives a DB_TIMEOUT 
signal at one of its inputs. The other input of the AND gate 
861 receives the inverted CHANGE_ON_lNPUT signal. 
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which indicates the denounce time interval has elapsed. If ^ The DB_TIMEOUT signal is asserted by the timers 106 for 



the logical voltage of the status signal STATUS[0] changes 
during the count, the counter 831a is reinitialized and the 
count begins again. The other counters 83 Ib-f function in a 
similar fashion for their corresponding status signals 
STATUS[5:1]. 

The HOLD_OFF signal, when asserted, instructs one of 
the timers 806 to measure a predetermined slow scan 



65 



one cycle of the CLK signal when the denounce time delay 
(initiated by the assertion of the DEBOUNCE signal) has 
expired. The assertion of the DB_TIMEOUT signal negates 
the DEBOUNCE signal on the next positive edge of the 
CLK signal. 

The CHANGE_ON _JNPUT signal is furnished by the 
non-inverting output of a JK-type flip-flop 866 which is 
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clocked on the positive edge of the CLK signal. The clear the other input of the AND gate 859 receives latched slot 

input of the flip-flop receives the RST signal. The J input of enable signals LSLOT_„EN[5:0] which indicate, by their 

the flip-flop 866 is connected to the output of an AND gate assertion, whether the corresponding slot 36a-f is powered 

869 which receives the SCAN_JiND signal, and another up. One input of the AND gate 855 receives the signals 

input of the AND gate 869 is connected to the output of an 5 CLR_SWTTCH_[5:0] signals. Another input of the AND 

OR gate 867. The OR gate 867 logically ORs all of a set of gate 855 receives the signals RST_SWITCH[5:0]. Another 

NSW_CHG[31:6] signals. The bit positions of the signals input of the AND gate 855 is connected to the inverted 

NSW_CHG[31:6] correspond to the bit positions of the output of the multiplexer 853. 

status signals STATUS[31:6] and indicate, by their assertion, The zero input of the multiplexer 853 receives a six bit 

whether the corresponding status signal STATUS[31:6] has 10 signal indicative of zero. The one input of the multiplexer 

changed after the last scan. The AND gate 869 further 853 is connected to the output of a multi-bit AND gate 849. 

receives the SCAN_END signal. The K input of the flip- One input of the AND gate 849 receives the signals 

flop 866 is connected to the output of an AND gate 868 D_LSWITCH[5:0], and the other input of the AND gate 

which receives the inverted SCAN_IN_PROGRESS signal 849 receives the inverted signals L_SWTTCH[5:0]. The 

and the inverted output of the AND gate 869. The signals 15 select input of the multiplexer 853 receives the SCAN_ 

NSW__CHG[31 : 6] are furnished by the output of a multi-bit, END signal 

XOR gate f2 which receives the signals D_LNON_SW Fof purposes of genefaling ^ SUNTR# signal> tbe 

j31:6j and LNON_SWLJl:6J. saM logk mcIudes a D . type aip-flop 882 which 

The non-inverting output of a multi-bit D-type flip-flop furnishes the serial interrupt signal SI_INTR# at its invert- 

912 furnishes bits SI_DATA[7:0] for the serial data register 20 ^ output j^e flip-flop 882 is clocked on the positive edge 
815. The clear input of the flip-flop 912 receives the signal Q f me CLK signal, and the clear input of the flip-flip 882 
RST, and the flip-flop 912 is clocked on the positive edge of receives the RST signal. The input of the flip-flop 882 is 
the CLK signal. The signal input of the flip-flop 912 is connected to the output of an OR gate 881 which receives 
connected to the output of a multi-bit multiplexer 916. The thirty ^ pending interrupt signals PENDING_JRQ[31:0], 
select input of the multiplexer 916 is connected to the output 25 wmc h indicate, by their assertion, or driving high, whether 
of an AND gate 914, and the zero input of the multiplexer ^ interrupt is pending for the corresponding one of the 
916 receives the bits SI_DATA[7:0]. The AND gate 914 status signals STATUS[31:0]. The signals PENDING_IRQ 
receives the signals GETTING_BYTE and SHIFT__ pi : o] are otherwise deasserted. 

ENABLE. Thus, when the serial scan logic 804 is not M ^ Qwn {n nQ 31E a multi . bitj D . type flip_ flop 979 

shifting in a requested byte of the status signals STATUS ™ famishes the signals PENDING_IRQ[31:0] at its non- 

[47:0], the values of the bits SI_DATA[7:0] are preserved. output ^ mp _ flop 979 ^ docked on ^ 

The one input of the multiplexer 916 is connected to the edge of the signal CLK signal and receives the signal RST 

output of a multi-bit multiplexer 910. The one input of the a t its clear input. The input of the flip-flop 979 is connected 

multiplexer 910 is connected to the output of a multi-bit OR to the output of a multi-bit AND gate 981 which receives 

gate 911, and the zero input of the multiplexer is connected 35 inverted interrupt mask signals INTR_MASK[31:0] at one 

to the output of a multi-bit AND gate 915. The select input in pu t. The signals INTR_3IASK[31:0] are indicative of 

of the multiplexer 910 receives the signal NEW_CSID. corresponding bit of the interrupt mask register 810. The 

One input of the AND gate 915 receives the bits other input of the AND gate 981 is connected to the output 

SI_J>ATA[7:0], and an inverting input of the AND gate 915 ^ ofa multi-bit OR gate 835. One input of the OR gate 835 is 

is connected to the output of a 3x8 decoder 913. The decoder connected to the output of a multi-bit AND gate 862, and the 

913 receives the signal BIT[2:0]. One input of the OR gate other input of the OR gate 835 is connected to the output of 
911 receives the bits SI_DATA[7:0], and the other input of a multi-bit AND gate 834. 

the OR gate 911 receives the output of the decoder 913. The AND gate 862 receives inverted PENDING_IRQ 

The serial input logic 804 furnishes five signals RST_ 45 [31:0] signals and signals SET_PIRQ[31:0]. The signals 

SWITCH[5:0] (corresponding to the bit positions of the SET__PIRQ[31:0] are asserted to indicate an interrupt 

status signals STATUS[5:0]) to the ON/OFF control logic request should be generated for the corresponding one of the 

820 which indicate, by their assertion, whether the cone- status signals STATUS[31:0]. Therefore, the signals 

sponding slot 36a-/ should be powered down. The ON/OFF PENDING_JRQ[31:0] are updated with the signals SET_ 

control logic 820 indicates when the slot 36 (indicated by the 50 PIRQ[31:0] if not masked by the signals INTR.31ASK 

RST_SWITCH[5:0] signals) has subsequently been pow- [31:0]. 

ered down by the subsequent assertion of one of five signals The AND gate 834 receives the signals PENDING _IRQ 

CLR_SWITCH_£5:0] signals whose bit positions cone- [31:0], inverted signals SET_PIRQ[31:0] and inverted 

spond to the signals RST_SWITCH[5:0]. After receiving WR_INTR_REG[31:0] signals. The signals WR _JNTR_ 

the indication that the slot 36 has been powered down, the 55 REG[31:0] indicate the write data furnished by the CPU 14 

serial logic 804 then de asserts the corresponding RST_ to the interrupt register 800. The CPU clears an interrupt by 

SWITCH[5:0] signal. writing a "1" to the corresponding bit of the interrupt register 

The signals RST_SWITCH[5:0] are furnished by the 800. Therefore, if this occurs, and no new interrupt requests 

non-inverting output of a multi-bit, D-type flip-flop 891 are indicated for the corresponding one of the status signals 

(FIG.31B). The clear input of the flip-flop 891 receives the 60 STATUS[31:0], the corresponding one of the signals 

reset signal RST, and the flip-flop 891 is clocked on the PENDING_JRQ[31:0] is cleared. 

positive edge of the clock signal CLK. The input of the The signals SEr_J»IRQ[31:0] are furnished by the output 

flip-flop 891 is connected to the output of a multi-bit OR of a multi-bit AND gate 839. One input of the AND gate 839 

gate 857 which has one input connected to the output of a receives the signals UPDATE_JRQ[31:0]. The other input 

multi-bit AND gate 859 and one input connected to the 65 of the AND gate 839 is connected to the output of a multi-bit 

output of a multi-bit AND gate 855. One input of the AND XOR gate 837. One input of the XOR gate 837 receives the 

gate 859 is connected to the output of a multiplexer 853, and signals D_INTR_REG[31:0], the other input of the XOR 
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gate 837 receives the signals INTR_JIEG[31:0]. Therefore, 
when the bits of the interrupt register 800 transition from one 
logical state to another, an interrupt request is generated. 

For purposes of updating the bits of the interrupt register 
800, the signals UPDATE_IRQ[31:0] are furnished to the 
corresponding load inputs of the register 800. When one of 
the signals UPDATE_IRQ[31:0] is asserted, or driven high, 
the corresponding bit is loaded with the corresponding one 
of the signals D_INTR_REG[31:0]. 

The signals UPDATE_IRQ[31:0] are furnished by the 
output of a multi-bit OR gate 971. One input of the OR gate 
971 is connected to the output of a multi-bit AND gate 973. 
One input of the AND gate 973 is connected to the output of 
a multi-bit multiplexer 977, and the other input of the AND 
gate 973 receives inverted PENDING_IRQ[31:0] sigpals. 
The select input of the multiplexer 977 receives the signal 
SCAN_END, the one input of the multiplexer 977 receives 
a thirty-two bit signal indicative of "hFFFFFFFF," and the 
zero input of the multiplexer 977 receives a thirty-two bit 
signal indicative of "0." Therefore, at the end of a scan, the 
signals UPDATE_IRQ[31:0] allow the bits of the interrupt 
register 800 to be updated that correspond to the asserted 
PENDING_IRQ[31:0] signals. 

Another input of the OR gate 971 is connected to the 
output of a multi-bit AND gate 975. One input of the AND 
gate 975 receives the inverted INTR__MASK[31:0] signals, 
another input of the AND gate 975 receives the signals 
PENDING_IRQ[31:0], and another input of the AND gate 
975 receives the signals WR_INTR_REG[31:0]. 
Therefore, the CPU 14 can selectively clear bits of the 
signals PENDING_JRQ[31:0]. 

The signals D_INTR_REG[5:0] are furnished by the 
output of a multi-bit multiplexer 830. When the SCAN_ 
END signal is asserted, the signals D_INTR_REG[5:0] are 
equal to the signals D_LSWITCH[5:0]. When the SCAN„ 
END signal is deasserted, the signals D_JNTR_J*EG[5:0] 
are equal to the signals LSWITCH[5:0]. 

The signals D_INTR_REG[31:6] are furnished by the 
output of a multi-bit multiplexer 845. When the SCAN_ 
END signal is asserted, the signals D_INTR_REG[31:6] 
are equal to the signals D_LNON_JSW[31:6]. When the 
SCAN_END signal is deasserted, the signals D__ENTR_ 
REG[5:0] are equal to the signals LNON_SW[31:6]. The 
interrupt register 800 takes on new values only when the 
signal SCAN_END is asserted. 

As shown in FIGS. 32A-B, the scan state machine 840 
enters an IDLE state after the assertion of the reset signal 
RST. When not in the IDLE state, the scan state machine 840 
toggles the states of the serial input clock signal CSIC__0 in 
order to clock the shift register 82. Furthermore, when not in 
a first load state LD1, the scan state machine 840 asserts, or 
drives high, the load signal CSIL__0__ in order to enable the 
registers 82 and 52 to serially shift the status signals 
STATUS[127:0] to the SIO circuit 50. In the IDLE state, the 
scan state machine 840 sets the signal SCAN_DONE equal 
to zero. 

The scan state machine 840 transitions from the IDLE 
state to the state LD1 when either the signal GETTING_ 
BYTE is asserted or the signal HOLD__OFF is deasserted. 
Otherwise, the scan state machine 840 remains in the IDLE 
state. In the LD1 state, the scan state machine 840 asserts, 
or drives low, the load signal CSIL_0_ which enables the 
registers 82 and 52 to latch and start receiving the status 
signals STATUS[127:0]. 

The scan state machine 840 transitions from the LD1 
state, to a load two state LD2. In the LD2 state, the load 
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signal CSIL_0„ is kept asserted which enables the regis- 
ters 82 and 52 to serially shift the status signals STATUS 
[127:0]. 

The scan state machine 840 subsequently transitions to a 

5 scan state SCAN. In the SCAN state, the serial scan input 
logic 804 scans in one of the status signals STATUS[127:0] 
on each negative edge of the clock signal DIV2CLIC When 
the signal STOP_SCAN is asserted, the scan state machine 
840 transitions back to the IDLE state. The STOP_SCAN 

10 signal is asserted when either the desired byte of the status 
signals STATUS[ 127:0] has been shifted into the serial data 
register 815; the lever status signals STATUS[5:0] have been 
scanned in and the serial interrupt signal SI_INTR# has 
been asserted; or all of the status signals STATUS[31:0] 

15 have been shifted in. In the SCAN state, the SCAN J>ONE 
signal is set equal to the STOP_SCAN signal. 

As shown in FIG. 33A, the ON/OFF control logic 820 
includes an ON/OFF state machine 998 which receives the 
signals RST_SWTTCH[5:0], SLOT_EN[5:0] and SLOT_ 

20 RST__£5:0]. Based on the conditions indicated by these 
signals, the ON/OFF state machine 998 indicates and con- 
trols the appropriate power up or power down sequences. 
The ON/OFF state machine 998 furnishes control signals to 
control logic 999. 

The ON/OFF state machine 998 furnishes a serial output 
update signal SO_UPDATE to the serial output logic 824. 
When the signal SO_JJPDATE is asserted, or driven high, 
the serial output logic 824 begins the shifting phase and 

^ serially shifts control data, via the signal CSOD__0, to the 
register 80. The serial output logic 824 indicates completion 

of the shifting phase by asserting a signal SO UPDATE 

DONE which is received by the ON/OFF state machine 998. 
The ON/OFF state machine 998 subsequently updates the 

35 control signals POUT[39:0] by negating, or clocking, the 
latch signal CSOLC_0 which is received by the register 80. 

The control logic 999 furnishes the signals PWREN[5:0], 
CLKEN#[5:0], BUSEN#[5:0] and RST#[5:0] to the serial 
output logic 824. The control logic 999 also furnishes a PCI 

40 bus request signal CAYREQ# to and receives a PCI bus 
grant signal CAYGNT# from the arbiter 124. The ON/OFF 
control logic 820 asserts, or drives low, the signal 
CAYREQ# to request the PCI bus 32, and when the arbiter 
124 asserts, or drives low, the signal CAYGNT#, the arbiter 

45 124 has granted control of the PCI bus 32 to the ON/OFF 
control logic 820. 

As shown in FIGS. 33B-G, the ON/OFF state machine 
998 enters an idle state IDLE upon assertion of the reset 
signal RST. If not idle, the ON/OFF state machine 998 

50 controls one of three sequences: the power down sequence, 
the power on sequence, or the one pass sequence used to 
update the control signals POUT{39:0] as indicated by the 
slot enable 817 and LED control (not shown) registers. The 
ON/OFF state machine 998 asserts, or drives high, the load 

55 signal CSOLC_0 for one cycle of the clock signal CLK of 
the register 80 until the ON/OFF state machine 998 deter- 
mines the control signals POUT[39:0] are to be updated. 
When the control signals POUT[39:0] are updated, the 
ON/OFF state machine 998 negates the signal CSOLC_0 

60 which updates the control signals POUT[39:0]. 

The ON/OFF state machine 998 begins the power down 
sequence when either the software requests a power down of 
at least one of the slots 36, as indicated by the deassertion 
of the signals SLOT_EN[5:0]; or the serial scan input logic 

65 804 determines at least one of the slots 36a-/ should undergo 
the power down sequence, as indicated by the assertion of 
the signals RST_SWTTCH[5:0]. To begin the power down 
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sequence, the ON/OFF state machine 998 asserts the [5:0] for the slots 36 that are to be powered down. The 

SO_UPDATE signal to begin a shifting phase and transi- signals RST#[5:0], BUSEN#[5:0], and CLKEN#[5:0] do not 

tions from the IDLE state to a RSTON state. change, and the serial output logic 824 serially shifts the 

During the RSTON state, the control logic 999 negates the P ower enable signals PWREN[5:0] to the output register 80. 

reset signals RST#[5:0] for the slots 36 that are to be 5 The ON/OFF state machine 998 also negates the signal 

powered down, and the serial output logic 824 serially shifts SO_UPDATE. Once all forty control signals are shifted by 

the reset signals RST#[5:0] to the output register 80. The toe serial output logic 824, as indicated by the assertion of 

ON/OFF state machine 998 also negates the signal the signal SO_JJPDATE_DONE, the ON/OFF state 

SO_UPDATE. Once all forty-control signals are shifted by machine 998 transitions from the PWROFF state to an 

the serial output logic 824 to the register 80, as indicated by 10 OFFJXLK4 state where the signals POUTt39:0] are 

the assertion of the signal SO_UPDATE_DONE, the updated by negating the signal CSOLC_0 for one cycle of 

ON/OFF state machine 998 transitions from the RSTON me signal (XK The state machine 998 then transitions to the 

state to an OFF_ARBl state. IDLE state which completes the power down sequence. 

In the OFF _j\RBl state, the ON/OFF state machine 998 If a P° wer down sequence is not required, the ON/OFF 

requests control of the secondary PCI bus 32 by asserting the 15 state machine 998 then determines if the power up sequence 

request signal CAYREQ#. The ON/OFF state machine 998 is required. If either the software has requested at least one 

then transitions to an OFF_WGNTl state where it waits for of the slots 36 to powered up or a power up of the expansion 

the grant of the secondary PCI bus 32. When the arbiter 124 b ° x 30 is pending, then the ON/OFF state machine 998 

grants control of the bus 32, as indicated by the assertion of transitions from the IDLE state to a power on PWRON state 

the CAYGNT# signal, the ON/OFF state machine 998 20 to ^gin the power on sequence. To begin the power on 

negates the signal CSOLC_0 for one cycle of the signal sequence, the ON/OFF state machine 998 asserts the 

CLK to update the control signals POUTt39:01 and transi- SO__UPDATE signal to begin a shift phase and transitions 

tions to an OFF_XCLKl state. from the IDLE state to a power on state PWRON. 

In the OFF_LCLKl state, the ON/OFF state machine 998 s During the PWRON state, the control logic 999 asserts the 

asserts the signal SO_UPDATE to begin another shift P ower enable signals PWREN[5:0] for the slots 36 that are 

phase. The ON/OFF state machine 998 transitions from the to be powered up, and the serial output logic 824 serially 

OFFJXXK1 state to a bus off state BUSOFF. During the shifts the power enable signals PWREN[5:0] to the output 

BUSOFF state, the control logic 999 deasserts, or drives register 80. The ON/OFF state machine 998 also negates the 

high, the bus enable signals BUSEN#[5:0] for the slots 36 sign* 1 SO_UPDATE. Once all forty control signals are 

that are to be powered down, and the serial output logic 824 shifted by the serial output logic 824, as indicated by the 

serially shifts the bus enable signals BUSEN#[5:0] to the assertion of the signal SO_UPDATEJ>ONE, the ON/OFF 

output register 80. The ON/OFF state machine 998 also state machine 998 transitions from the PWRON state to a 

negates the signal SO_UPDATE. Once all forty-control timer 806 initialization state LDCNT1 and negates the load 

signals are shifted by the serial output logic 824, as indicated 35 signal CSOLC_0 to update the control signals POUT 

by the assertion of the signal SO_UPDATE_DONE, the [39:0]. 

ON/OFF state machine 998 transitions from the BUSOFF In the LDCNT1 state, the ON/OFF state machine 998 

state to an OFF___ARB2 state where the state machine 998 initializes the timers 806 so that the timers 806 provide an 

once again requests control of the secondary PCI bus 32. The indication when a predetermined stabilization delay interval 

state machine 998 then transitions to an OFF_WGNT2 state ^ has expired. The stabilization delay interval allows sufficient 

where it waits for the grant of the PCI bus 32. Once the grant time for the card 807 that is being powered up to stabilize 

is received, the state machine 998 transitions to an OFF__ once the voltage level V ss is furnished to the card 807. In the 

LCLK2 state where the control signals POLTH39:0] are LDCNT1 state, the ON/OFF state machine 998 also asserts 

updated by negating the signal CSOLC__0 for one cycle of the signal CSOLC_0. The ON/OFF state machine 820 

the signal CLK. The state machine 998 then transitions to a 45 transitions from the LDCNT1 state to a CLKON state, 

clock off state CLKOFF. During the CLKON state, the control logic 999 asserts, or 

During the CLKOFF state, the control logic 999 deasserts, drives low, the clock enable signals CLKEN#[5:0] for the 

or drives high, the clock enable signals CLKEN#[5:0] for slots 36 that are to be powered up. The PWREN[5:0] signals 

the slots 36 that are to be powered down. The bus enable remain unchanged, and the serial output logic 824 serially 

signals BUSEN#[5:0] do not change, and the serial output 50 shifts the clock enable signals CLKEN#[5:0] to the output 

logic 824 serially shifts the clock enable signals CLKEN# register 80. The ON/OFF state machine 998 also negates the 

[5:0] to the output register 80. The ON/OFF state machine signal SQ_UPDATE. Once the stabilization delay interval 

998 also negates the signal SO_UPDATE. Once all forty has expired, the ON/OFF state machine 998 transitions from 

control signals are shifted by the serial output logic 824, as the CLKOFF state to an ON_ARBl state, 

indicated by the assertion of the signal SO_UPDATE_ 55 In the ON_ARBl state, the ON/OFF state machine 998 

DONE, the ON/OFF state machine 998 transitions from the requests control of the secondary PCI bus 32 by asserting the 

CLKOFF state to an OFF__ARB3 state, where the state request signal CAYREQ#. The ON/OFF state machine 998 

machine 998 once again requests control of the PCI bus 32. then transitions to an ON_WGNTl state where it waits for 

The state machine 998 then transitions to an OFF_WGNT3 the grant of the secondary PCI bus 32. Once control of the 

state where it waits for the grant of the PCI bus 32. Once the go bus 32 is granted, as indicated by the assertion of the 

grant is received, the state machine 998 transitions to an CAYGNT# signal, the ON/OFF state machine 998 negates 

OFF _JLCLK3 state where the control signals POUII39:0] the signal CSOLC_0 to update the control signals POUT 

are updated by negating the signal CSOLC_0 for one cycle [39:0] and transitions to an ON _JLCLK1 state where the 

of the signal CLK. Tlie state machine 998 then transitions to signals POUTp9:0] are updated. 

a power off state PWROFF. 65 The ON/OFF state machine 998 transitions from the 

During the PWROFF state, the control logic 999 ON_JLCLKl state to a LDCNT2 state where the timers 806 

deasserts, or dries low, the power enable signals PWREN are initialized so that the timers 806 provide an indication 
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when another predetermined stabilization delay interval has CSOD_0. When the signal BIT_CNTR[5:0] is equal to a 

expired. This delay interval is used to allow the clock signal six digit number equivalent to "39" then a signal MAX_ 

on the card 807 being powered up to stabilize before the CNT is asserted. The signal MAX_CNT is provided to the 

power up sequence continues. The ON/OFF state machine input of an AND gate 922. The AND gate 922 further 

998 transitions from the LDCNT2 state to a bus on state 5 receives a signal SHIFT4 which is asserted when the output 

BUSON. shift state machine 920 enters its SHIFT4 state, further 

During the BUSON state, the control logic 999 asserts, or described below. The output of the AND gate 922 provides 

drives low, the bus enable signals BUSEN#[5:0] for the slots sign* 1 SO_UPDATE_J)ONE. 

36 that are to be powered down. The signals CLKEN#[5:0] The output shift state machine 920 furnishes an increment 

and PWREN[5:0] remain unchanged, and the serial output 10 counter signal INC_CNTR to the bit counter 921. When the 

logic 824 serially shifts the bus enable signals BUSEN#[5:0] INC_CNTR signal is asserted, the bit counter 921 incre- 

to the output register 80. The ON/OFF state machine 998 ments the value represented by the signal BIT_CNTR[5:0]. 

also negates the signal SO_UPDATE. Once the stabilization When a load counter signal LOAD_CNTR is asserted or 

delay interval has expired, the ON/OFF state machine 998 when the RST signal is asserted, then the output of an OR 

transitions from the BUSON state to an ON _^ARB2 state 15 gate 925, connected to a clear input of the bit counter 921, 

where the state machine 998 once again requests control of clears the signal BIT_CNTR[5:0]. 

the PCI bus 32. The state machine 998 then transitions to an The signal BIT_CNTR[5:0] is furnished to the select 

ON_WGNT2 state where it waits for the grant of the bus 32. input of a multi-bit multiplexer 924 that furnishes the signal 

Once the grant is received, the state machine 998 transitions CSOD_0. The zero through eleven inputs of the multi- 

to an ON _LCLK2 state where the signals POUT[39:0] are 20 p i exer 924 receive the LED control signals LEDS[U:0]. The 

updated by negating the signal CSOLC_0 for one cycle of twelve through fifteen inputs of the multiplexer 924 receive 

the signal CLK. The state machine 998 then transitions to a general purpose output signals GPOA[3:0]. Tne sixteen 

reset off state RSTOFF. through twenty-one inputs receive the reset signals RST# 

During the RSTOFF state, the control logic 999 asserts, or [5:0]. The twenty-two through twenty-seven inputs receive 

negates, the reset signals RST#[5:0] for the slots 36 that are 25 the clock enable signals CLKEN#[5:0]. The twenty-eight 

to be powered up, depending on their respective SLOT„ through thirty-three inputs receive the bus enable signals 

RST_[5:0] signals. The signals CLKEN#5:0], PWREN BUSEN#[5:0]. The thirty-four through thirty-nine inputs 

[5:0] and BUSEN#[5:0] remain unchanged, and the serial receive the power enable signals PWREN[5:0]. 

output logic 824 serially shifts the reset signals RST#[5:0] to As shown in FIGS. 35A-B, the output shift state machine 

the output register 80. The ON/OFF state machine 998 also 30 920 enters an IDLE state when the signal RST is asserted. If 

negates the signal SO_UPDATE. Once all forty control the signal SO_UPDATE is asserted, then the output shift 

signals are shifted by the serial output logic 824, as indicated state machine 920 transitions from the IDLE state to a 

by the assertion of the signal SO_UPDATE_DONE, the SHIFT1 state. 

ON/OFF state machine 998 transitions from the RSTON Because the output shift state machine 920 is clocked on 

state to an ON__ARB3 state where the state machine 998 the positive edge of the PCI clock signal CLK, the output 

once again requests control of the bus 32. The state machine sn jft sl ate machine 920 transitions through a SHIFT1 state, 

998 then transitions to an ON_WGNT3 state where it waits a SHIFT2 state, a SHIFT3 state and a SHIFT4 state to 

for the grant of the bus 32. Once the grant is received, the generate the clock signal CSOSC_0 that is one fourth of the 

state machine 998 transitions to an ON_LCLK3 state where frequency of the clock signal CLK. During the SHIFT1 and 

the signals POUTt39:0] are updated by negating the signal SHIFT2 states the clock signal CSOSC_0 is negated, or 

CS0LC_O for one cycle of the signal CLK- The state \ 0Wj a nd during the SHIFT3 and SHIFT4 states, the clock 

machine 998 then transitions back to the IDLE state. s ignai CSOSC_0 is asserted, or high. When the current 

If neither the power up sequence nor the power down shift phase is completed, as indicated by the assertion of the 

sequence is required, the ON/OFF state machine 998 then 45 signal MAX CNT, the shift state machine 920 returns to the 

determines if a one pass sequence is needed to update IDLE state and the clock signal CSOSC O is asserted until 

selected ones of the signals POUT[39:0]. If the the beginning of the next shifting phase. 

GO_UPDATE signal is asserted, and if any bits of the slot As shown in FIG. 36, a HANG__PEND signal is received 

enable register 817 or slot reset register 819 changes, then by the clear input of the register 80. The assertion, or driving 

the ON/OFF state machine 998 transitions to a ONEPASS 5Q high, or the HANG_PEND signal asynchronously clears the 

state and asserts the SO__UPDATE signal. appropriate output control signals POUT[39:0] to power 

The ON/OFF state machine 998 remains in the ONEPASS down all slots 36 when the PCI bus 32 is in a locked up 

state until the forty control signals have been shifted to the condition, as further described below, 

register 80. The ON/OFF state machine 998 then transitions . 

to an OP _ARB state where the state machine 998 requests 55 F.ault Jsp.lationf 

control of the PCI bus 32 by asserting the signal CAYREQ#. ^ The bus watcher J29 can detect forJa bang condition on f 

The state machine 998 then transitions to an OP_WGNT l the;se condary M I^ 

state where it waits for the grant of the bus 32. Once the ■ b us wa t<Aeu!2&s^|^ ^ . 

grant is received, the state machine 998 transitions to an ^fo^ljffi^^SS^ 

OP__LCLK state where the signals POUTp9:0] are updated 6fe2| fflBBBS^^ 

by negating the signal CSOLC_0 for one cycle of the signal ^tKe^CPU lqrThTCPU' 14 responds to the NM1 by invoking 

CLK. The state machine 998 then transitions back to the v an NlCfl*Touune to isolate *ffie~¥lot([s) causing^ the" Sang ' 

IDLE state. ^ndi^ * 

As shown in FIG. 34, the serial output logic 824 includes or powered off. * 

a shift output bit counter 921 that provides a six bit counter 65 For software diagnostic purposes, the bus watcher 129 in 

output signal BIT__CNTR[5:0] which tracks the control the downstream bridge chip 48 includes a bus history FIFO 

signal shifted out of the serial output logic 824 via the signal and a bus vector FIFO. When the secondary PCI bus 32 is 



6,032,271 

87 88 

functioning properly, the bus history information, which by the operating system. If the ASR timer expires (e.g., after 

includes an address group (including the PCI address, PCI 10 minutes), that indicates that the operating system has 

command signals, PCI master number, and the address locked up. The secondary PCI bus 32 hanging may be the 

parity bit) and a data group (including the PCI data, byte cause ° f the system lock up, in which case the NMI may 

enable signals C/BE[3:0]L, parity error signal PERR_, the 5 never get to the CPU 14. If the ASR timer expires, then an 

data parity bit, a burst cycle indication bit, and a data valid ASR-generated reboot occurs. The ASR timer also ensures 

flag), are recorded by the bus watcher 129 in each transac- that if the BIOS isolation handler ism the middle of isolating 

tion. When the PCI signal FRAME__ is asserted on the a fauUv slot on ^J™ bus 32, and the computer system 

secondary PCI bus 32 to start a bus transaction, the address han 8* to a^JteJ&R ttbnl, * e A ^ ate routine 0311 P ick 

group and each subsequent data group are stored in the bus 10 U P where 11 left off ^ beforc the ^ Ume -° ut evenL 

history FIFO. If the transaction is a burst transaction, then Referring to FIG. 38, a BIOS ASR handler is invoked in 

the burst cycle indication bit is set active on the second data response to an ASR reboot condition. The ASR handler first 

phase. After the first data phase, the address field in the checks 444 to determine if an isolation-in-progress event 

address group associated with the subsequent data groups in vanable ( Ev ) active information indicating that the 

the burst transaction is incremented by 4 and the new 15 isolation process was in progress prior to the ASR time-out 

address group and data group are stored in the next location event - ^ isolation-in-progress EV is stored in non-volatile 

of the bus history FIFO. If data is not transferred because of memorv (NVRAM) 70 and includes header information 

a retry condition or a disconnect-without-data condition, the which 15 Mt active to mdicate that the Nation process has 

valid data indication bit is set low. started - ^ isolation-in-progress EV is also updated with 

„ t t , t , . , A n A . - nn the current state of the isolation process, including the slots 

Both the address group and the data group flow through *° «. , . « , , \ ... j * »• j 

. « • r • « . « . which have been checked, the slots which are defective, and 

a 2-stage pipehne to aUow time for the data group to ooUect ^ ^ which hav6 ^ 

the data parity bit and data parity error bit, and stop the • *™ 

recording process when a data parity error occurs before the k U J* *° lail ™ P ^,T.' n "T^' Ft 
next address group is stored. If^he bus nW^tbe^Biddk/- haa ? " ^"^les 448 all slots except the ones that were 

of a write data phase, the data% s1bred, and abu^bWStafus 25 ^bled unmediately prior to the ASR evenU which is 

u-4 ,v 4 . _ l • j:_ f : „ ■ t „ aqi /T7Tr- ai\ t determined from the isolation-ui-progress EV. The enabled 

bit is set m a tjusjhangjgUi^ . u wi *u 

" accessible via confiiSration space. If thTbuThangs in the 1 10 *»*8& reboot were probably the cause of the 

middle.ofra.rea*data.phase, the data-is 'oWnrnmra; ^ ^TJt 1.*,°? . ^ fife 

' ,u. u u:. f„ „„, powered off). Next, the disabled slot numbers are logged 450 

and the bus-hang bit is set ' c i , J • c . a • .u xnm aw j .u 

30 as fail status information stored in the NVRAM, and the 
Bus state vectors arc assembled and stored in the bus jsoiation-in-progress EV is cleared. The BIOS ASR handler 
vector FIFO, including the following PCI control signals: men checks 452 to determine if me bus-hang pending bit is 
slot request signals REQ[7:0]_j slot grant signals GMT ^t. Kso , me bus-hang pending bit is cleared (by performing 
[7:0U the FRAME_ signal; the PCI device select signal aQ y Q k on me Pa bus 32 ) to re-enable the 

DEVSEL _; the PCI initiator ready signal IRDY__; the PCI bus watcher 129 

target ready srignal TRDY_; the STOP signal; the PCI 35 ^ ^ EV is not xt 444 to the active 

S en ° r , ■ , ^ SySt r D ^° r 1 T? ■ttte. indicating that the isolation process was not running 

S * R ^ ^ ^ LOCK_ signal. On each PO dock in ^ ^ J routine ^ * 

wh.ch the bus state vector changes^., any one of the lated determine ^ the bus _ h ^ bi , ^ ^ n not men the 

SlgD to OTO^ K m «> BIOS ASR handlerisdone. If the bus-hang pending bit is set 

vec r . . „ N 446, indicating that a bus-hang condition occurred before 

The bus watcher 129 includes a watch-dog timer 454 : lhe ASR event ^ me BIOS handler ca Us ^ B IOS 

(FIG. 40) to determine.wheme^me«secondary-bus^has-- jetton handler to isolate the faulty slot or slots. 
£ ck ^uo^^ 4 Refcrrin tQ mQ 39 the mos first logs 

32.^-huap Thb -3^g^. of ^^. 45 408 to the fail status information portion of the NVRAM the 

✓SfflO^^* 4 ^^ Umer454: bus fai and bus state vector information 1D the 

The FRAME_ signal is stuck high oMow; the signal histo and vcctor r^pos in th e bus monitor 127. Hie bus 

^? Y T,^ n0t ^^^SS^^J^^^^ history and bus state vector FIFOs are read and their 

arbiter n4 d^ ao{ t^^ bus io any master, and a master f transferred to the NVRAM. Next, the header infor- 

requesung the bus 32 keeps getting reined. 5Q m ^ Qn of ^ ^Mon-in-ptogtzss event variable is set 410 

When the watch-dog timer 454 expires, the bus hang t0 md i catc that the isolation process is in progress. The 

pending bit is set active in the bus-hang indication register bus-hang pending bit is cleared (by writing to a predeter- 

482. When set active, the bus hang pending bit disables the mmed configuration address) to ratable the bus watcher 

bus watcher 129. Next, the slot enable bits in the SIO 50 are ^9 Nexty m e isolation routine re-enables 412 (i.e., powers 

cleared, causing the slots to be powered off. The SIO 50 then 55 up ) me first populated slot (i.e., slot with a PCI device 

asserts the system error signal SERR_. connected), and reads and writes from the PCI configuration 

To isolate .the cause of a bus-hang condition, the system * s space of the device. A slot is re-enabled by writing to the slot 

ejrrpr^ignal k SEm^ ; enable register 817 (FIG. 29). Next, the routine determines 

to issue the t NMI to the.CPU 14.. Referring to -FIG. 37, the , 414 if the bus-hang pending bit is set active, indicating that 

rSl^har^lerfirst determincs.400 if the bus^hang pending^bit go* the device connected to the slot caused the bus to hang while 

Ls^l^ from it. If not, the routine determines 416 if all 

^Tl!^^^ h A n »'fe- r ^i 1 ^ ^?t^ ^P 5 -^^ 011 hj^I^for ^ populated slots have been checked. If not, the first populated 

isolating the defective slot or slots. Otherwise, other NMT** slot is disabled 418 and the isolation-in-progress EV is 

procedures are called 402. updated 420 to indicate that the first populated slot has been 

As a fail-safe mechanism, the computer system also 65 tried by the BIOS isolation handler. If the routine determines 

includes the automatic server recovery (ASR) timer 72 414 that the bus-hang pending bit is set active, the slot is 

which is cleared when certain software routines are executed indicated as being failed (e.g., by setting active a fail flag for 
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that slot) in the fail status information portion of the RCOVILJiN from the watch-dog timer 454. The recovery 

NVRAM. Next, the loop consisting of steps 412, 414, 416, state machine 456 also receives some of the PCI signals. The 

418 and 420 is performed until all populated slots have been output signals from the bus hang recovery state machine 456 

checked. includes a device select signal DEVSEL_0 for driving the 

If all populated slots have been checked 416, the routine 5 PCI signal DEVSEL_, a signal STOP_0 for driving the 

checks 424 to determine if any slot is indicated as failed in PCI signal STOP_, a signal SERR_EN which enables 

the fail status information portion of the NVRAM. If so, the assertion of the system error signal SERR_, a signal 

routine 398 re-enables 426 only the non-failing slots. Then, BR_M_ABORT (indicating that the bus watcher 129 has 

the isolation-in-progress EV is cleared 428, and the BIOS recovered with a master abort), a signal BR_T_ABORT 

isolation routine is complete. 10 (indicating that the bus watcher 129 has recovered with a 

If none of the slots are indicated 424 as failed, then that target abort), and a signal RCO VR_ACIWE (for indicating 

indicates that the bus-hang condition is not caused by a when the bus hang recovery state machine 456 is active), 

single slot, but may be caused by more than one device being The bus hang recovery state machine 456 ensures that the 

active at the same time. To confirm that, the BIOS isolation secondary PCI bus 32 is brought back to the idle state to 

handler first disables (i.e., powers down) 430 all the slots, allow the software to isolate the faulty slot. When the hang 

and updates the isolation-in-progress EV with this informa- condition is detected, the SIO 50 powers down the second- 

tion. Next, the BIOS isolation handler clears 431 a count ary bus slots, which would automatically place the bus 32 

variable N to zero and sets a count variable I to the value of into the idle state if one of the slot devices was the bus 

N. The count variable N represents the count of the popu- master when the hang condition occurred. However, if one 

lated slots. of s \ 0 i devices was the target (and the bridge chip 48 was 

The BIOS isolation handler re-enables (i.e., powers up) the master) when the bus hang occurred, then the bridge chip 

432 the populated slot I (which is initially slot N) and reads 48 would remain on the bus. To take the bridge chip off the 

and writes to its PCI configuration space. The handler then bus, the recovery state machine 456 forces a retry cycle on 

checks 438 to determine if the bus-hang pending bit is set. the PCI bus 32 by asserting the signal STOP_. 

If not, the handler decrements 433 the variable I and checks ^ a bus history capture block 458 monitors the PCI bus 32 

434 if the variable I is greater than or equal to zero. If so, the f or transactions, and presents the bus history information 

handler updates 435 the isolation-in-progress EV and (including the address and data) on to output signals BUS_ 

re-enables 432 and reads and writes the next populated slot HIST_J)ATA3[31:0] (the bus history address), BUS_ 

I. The handler then checks 438 if the bus hang pending bit HIST_DATA2[31:0] (the bus history data), and BUS_ 

is set for this next slot. In this manner, for each slot N that M HIST_J)AXA1[15:0] (parity error signal !PERR_^ parity bit 

is to be enabled, the previously enabled slots are also par, valid data bit VALID_DAT, address parity bit 

powered on one at a time to determine if a combination of ADDRPAR, burst indicator BURST, master number 

slots is causing the failure. MASTER[2:0], byte enable bits CBE[3:0]__ and command 

If the variable I is determined 434 to be less than zero, bits CMD[3:0]). The bus history capture block 458 asserts a 

then the handler checks 436 to determine if all populated 35 signal HIST__RDY when data is available on the BUS_ 

slots have been enabled. If not, the variable N is incremented HIST_DATA signals, which is true at the end of each data 

437, the isolation-in-progress EV is updated 439, and the phase in a normal transaction, or if the transaction is 

variable I is again set 441 equal to the value of N. terminated with a master abort, a retry, while the assertion of 

If the bus hang pending bit is set 438 active, then the time out signal TIME_OUT. 

potentially two slots are disabled 440: slot N (which is the ^ A bus vector capture block 460 captures the states of 

slot currently being enabled) and slot I (which is the slot certain PCI control signals when any of the those control 

currently being read from and written to). If the value of I signals changes state. The vector is captured and output as 

and N are the same, then only slot N is disabled. If the signals BUS_VECT__DATA[20:0], which contain the 

handler determines 436 that all populated slots have been request signals !REQ[7:01_, grant signals !GNT[7:0] . 

enabled (and a failure could not be identified), then the 45 time out signal nME__OUT, lock signal LOCK_, system 

handler logs 442 in the NVRAM its inability to isolate the error signal SERR_, parity error signal PERR__, stop signal 

failure. Next, the handler clears 428 the isolation-in-progress STOP__, target ready signal TRDY__, initiator ready signal 

EV. IRDY, . device select signal DEVSEL , and frame signal 

Referring to FIG. 40, the watch-dog timer 454, provides FRAME_. The bus vector capture block 460 asserts a signal 

output signals WD_TMR_OUT[17:0] (timer count value), 50 VECT_RDY if any of the bus vector BUS_VECT__DATA 

HANG_PEND (bus hang condition present), EN_CAP (the [24:0] has changed or the watch-dog timer 454 has expired 

software has enable capture of the bus and vector history (TIME_OUT is high). 

information), TIME_OUT (the watch-dog timer 454 has The bus history and bus vector signals are presented to the 

timed out), a signal HANG_RCOVR_EN (set high by inputs of bus watcher FIFOs, which includes a 2-deep bus 

software to enable the hang recovery logic in the bus 55 history FIFO and a 4-deep vector history FIFO. The outputs 

watcher 129 and in the SIO 50) and a signal CAP_ILLEG_ of the bus history FIFOs are presented as signals BUS__ 

PROT (to indicate an illegal cycle on the PCI bus 32). HIST_REG1[31:0], BUS _JflST_REG2[31:0], and BUS__ 

The signal HANG_PEND is provided to the SIO 50 to HIST_REG3[31:0]. The outputs of the vector history FIFO 

shut down the secondary bus slots. The input signals to the are presented as signals BUS_VECT _JIEG[31:0]. The sys- 

watch-dog timer 454 include some of the PCI bus signals, a 60 tern software reads the outputs of the bus history FIFO by 

signal WRT _JEN_CAP _1 (pulsed high by software to generating an I/O read cycle which causes a signal BUS_ 

re-enable the capture of the bus history and bus vector HIST__RD1 to be asserted, and reads the outputs of the 

information by the fault isolation block 129), and a power- vector FIFO by generating an I/O read cycle which causes 

good indicator signal SYNC __POWEROK (indicating that a signal BUS_VECT_RD to be asserted, 

power in the computer system is stable). 6 S Referring to FIG. 41, the recovery state machine 456 

A bus hang recovery state machine 456 receives the begins in state IDLE when the signal SYNC __POWEROK is 

signals ILANG_PEND, TIME__OUT, and HANG negated low, indicating that power is not yet stable. The state 
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machine remains in state IDLE while the signal HANG_ output fo the OR gate 466, the signal EN_CAP, and the 

PEND is low. In state IDLE, signals BR_M_ABORT, inverted state of the signal TIME-OUT. The output of the 

BR_T_ABORT and RCOVR_ACTIVE are negated low. counter drives signals WD_TMR_OUT[17:0] and is 

The signal RCOVR_ACTl VE is active high in the other cleared when a time out condition is detected (TIME_OUT 

states WAIT, ABORT, and PEND_OFE If the signal SET_ 5 is high), a data transfer has taken place (both signals IRDY_ 

HANG_PEND is asserted high, the state machine transi- and TRDY__ are asserted low), or all output bits of the 

tions to state WAIT. In the transition, the signal counter 464 are high (which is an illegal condition). The 

DEVSEL_0 is set equal to the inverted state of the device clear condition is indicated by an OR gate 470, which 

select signal DEVSEL_. This insures that if the device receives the signal TIME OUT, the bit-wise AND of the 

select signal DEVSEL_ is asserted by a target before the signals WD__TMR_ OUT[17:0], and the output of an AND 

bus hang condition, the recovery state machine 456 main- gate 472. The inputs of the AND gate 472 receive the 

tains the signal DEVSEL_ asserted. In state WATT, the inverted state of the signal IRDY_ and the inverted state of 

signal DEVSEL__0 is set equal to the state of the signal the signal TRDY__. 

DEV„SEL_WAS, which is set high if the signal The signal TTME__OUT is asserted high by a time out 

DEVSEL__ is asserted by a target before the state machine detector 474 when the timer signals WD_TMR_OUT 

transition to the WAIT state. [17:0] count to the binary value 1000000000000000. The 

From state WAIT, the bus hang recovery state machine signal TIME OUT is provided to one input of an OR gate 

456 transitions to the PEND_OFF state if a signal PCL_ 476, whose output is connected to the input of an AND gate 
IDLE is asserted, indicating that the PCI bus 32 has gone 478. The other input of the AND gate 478 receives the 
idle (i.e., signals FRAME_ and IRDY_ are both negated 20 inverted state of a signal WRT„EN_CAP__1 (controlled by 
high). In the transition, the signal BR_3t^ABORT is set software to re-enable the bus history and bus vector capture), 
high to indicate that one of the slot devices was the master and its output is connected to the D input of a D-type 
before the hang condition and powering down the slot flip-flop 488. The flip-flop 488 is clocked by the signal 
device caused the PCI bus to go idle. A signal SERR_EN is PCLK and drives an output signal WD__TIME_OUT, 
also set high to enable assertion of the system error signal ^ which is fed back to the other input of the OR gate 476. The 
SERR_ or if INTA__ is enabled. flip-flop 488 is cleared when the power-good signal SYNC_ 

If a slot device was a target before the bus hang condition, POWEROK is negated. Thus, an ASR reset does not clear 

then the bus master will remain on the PCI bus 32. To force the signal WD_TIME_OUT. 

the bus master of f the PCI bus 32, the bus hang recovery The HANG_PEND signal is asserted high by a D-type 

state machine 456 issues a retry on the PCI bus 32. A counter 30 flip-flop 482, whose D input is connected to the output of an 

457 counts a predetermined number of PCLK periods (e.g., AND gate 484 and which is clocked by the signal PCLK. 
15 PCLK period) after the signal HANG_PEND is asserted One input of the AND gate 484 is connected to the output of 
high. The 15 PCLK periods insure sufficient rise time on an OR gate 486, and its other input receives the inverted 
FRAME_ and IRDY_ to give the signals time to go back state of the signal WRT_EN_CAP_1. One input of the OR 
to their idle states. When 15 PCLK periods have elapsed, the 35 gate 486 is connected to the signal HANG_PEND, and the 
counter 457 asserts the signal TIME_OUT15. If the signal other input is connected to the output of an AND gate 488. 
TIME_OUT15 is asserted high, and the signal PCI _IDLE The inputs of the AND gate 488 receive the signal TIME_ 
remains low, then the state machine transitions from state OUT and the enable signal HANG_RCOVR_EN. Thus, if 
WAIT to state ABORT. In the transition, the signal STOP__0 system software enables bus hang recovery (HANG_ 
is asserted high to drive the PCI STOP_ signal active to 40 RCOVRJLN is high), then a time-out condition will cause 
retry the bus master. The state machine remains in state the signal HANG__PEND to be set high. The signal 
ABORT while the bus master maintains the signal HANG _PEND is cleared when the system software causes 
FRAME_ asserted low. In state ABORT, the signal the signal WRT_EN_CAP_1 to be asserted (by perform- 
STOP__0 is maintained high. Once the bus master deasserts ing an I/O cycle on the bus 32) or when the signal SYNC_ 
the FRAME _ signal in response to the retry condition, the 45 POWEROK is negated The bit HANG__PEND is not 
state machine transitions from state ABORT to state negated by an ASR reboot. 

PEND_OFF. In the transition, the signal BR__T_^ABORT is The enable capture signal EN_CAP is generated by a 

asserted high to indicate that the target abort was necessary D-type flip-flop 490, whose D input receives the output of an 

after the bus hang condition to place the bus 32 in the idle AND gate 492. One input of the AND gate 492 is connected 

state. The signal SERR_EN is also asserted high to enable 50 to the output of an OR gate 494, and its other input is 

assertion of the signal SERR_ or if INTA_ is enabled. The connected to the inverted state of a signal CLR_EN__CAP. 

state machine remains in state PEND__OFF until the signal One input of the OR gate 494 is routed back to the signal 

WRT__EN_CAP_JL has been asserted high at which time it EN„CAP and the other input receives the signal WRT_ 

transitions back to state IDLE. EN__CAP_1. The flip-flop 490 is clocked by the signal 

System software can read the value of the BR_M_ 55 PCLK and set high when the signal SYNC_POWEROK is 

ABORT and BR_T_ABORT signals to determine if the slot negated low. Once the signal EN CAP is set high by the 

device involved in the bus hang was a master or a slave. software via the signal WRT_jiN_CAP_JL, it is maintained 

Referring to FIG. 42, the watch-dog timer 454 includes an high. The signal CLR_EN_CAP is asserted to clear the 

18-bit LSFR counter 464 which is clocked by the signal signal EN_CAP (disable capture of information), which 

PCLK. The counter 464 is enabled when the output of an 60 occurs when a time-out has occurred (TIME_OUT is high), 

AND gate 467 is asserted high, which occurs when a new a system error has occurred (SERR_ is low), a parity error 

master issues a request (ANY_REQ is high), the bus cycle has occurred (PERR_ is low), or an illegal bus protocol has 

has started (signals FRAME_ and IRDY_ are both been detected (CAP_ILLEG_PROT is high). 

asserted), the enable capture signal EN_CAP is asserted, The signal CAP ILLEG PROT is generated by a 

and the signal TIME_OUT is low. An OR gate 466 receives 65 D-type flip-flop 483, whose D input receives the output of an 

the signal ANY_REQ and the inverted states of signals AND gate 485. One input of the AND gate receives the 

FRAME_ and IRDY__. The AND gate 467 receives the inverted state of the signal WRT__£N_CAP __1, and the 
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other input receives the output of an OR gate 487. The OR output of the bus register 502 and is toggled on each 

gate 487 receives the signals CAP_JLLEG_PROT and subsequent read). The multiplexers 520, 522, and 524 drive 

SET_JLLEG_PROT. The signal SET_J LLEG_j , ROT is output signals BUS_J1IST_REG3[31:0], BUS_HIST_ 

asserted when capture is enabled (EN_CAP is high), the REG2[31:0], and BUS_H1ST_REG1[15:0], respectively, 

state machine 456 is not active (RCOVR_ACTIVE is low), 5 The bus vector data signals BUS_VECT_DAXA[24:0] 

the bus is idle, and any of signals DEVSEL_, TRDY_, or are provided to the inputs of a bus vector register 544, whose 

IRDY„ is asserted low. This condition is an illegal output is routed to the input of a bus vector register 546. The 

condition, which triggers capture of the bus history and bus of ™e bus vector register 546 is routed to the input of 

vector information. a bus vector register 548, whose output is in turn routed to 

Referrin to FIG 43 the bus history ready signal HIST 10 ^ e ^P 11 * °^ a bus vector register 550. Each of the bus vector 

RDY Iterated by' a Vrype flip-flop 502, which °T 3 "jS^JftJ**" 1 1°%."? 

clocked by ihc signal PCLK and cleared by the signal when the s^aIsSYNCJOWEROK«lo^mb^ve^r 

RESET. The D inpuT of the flip-flop 502 is connected to the ™ ' oad ^ «"*P*° f me ^ 521 » 

_ 4 c ^ . - nA 5 • • *u • i asserted high. The AND gate 521 receives the signal 

output of an OR gate 504, whose inputs receive the signal 6 - & . niw , 

m/rrf mrr • i u Aoravr ♦ , «k™-# i5 EN_CAP and the OR of signals VECT_RDY and CAP_ 

TIME_OUT, a signal M^ABORT (master abort signal « ni)nT/nn , _-|T ™ . , . . ccn 

delayed by one Pc£), the output of an AND gate 506, and ™f LTfiuf ^CT ' 

the output of an AND gate 508. The AND gate 506 asserts nSgft SuS^CTl 

its output if a retry, disconnect C or target abort cycle is ^.^L A f , — e . TTnh^Wyl m ~ 4* 1 

presenl on the secondary bus 32 (the signal FRAME^ the ™O2[24:0], and BUS VECT JWO3p4:0], respectively, 

inverted state of the signal 1RDY_, the inverted state of the 20 which are m turn proved to the 0, 1 2 and 3 mputs of a 

i oiY\n j *l * .* -i . * <• *u • i no/^ multiplexer 526, respectively. The output of the multiplexer 

signal STOP_, and the inverted state of the signal DSC_ --^ ^ . , ! i nuc- xmr^r nrrm at *u #u 

* Ti ii4 \ tl Axm * cno ^ •* * * u 526 provides signals BUS VECT REG[31:01 with the 

A Bare all true). The AND gate 508 asserts its output when * t ^ . — — 4 > tl _ 

~ i * j j * * c . i mnv multiplexer 526 selecting one of its mputs based on the state 

a completed data transfer has occurred (the signals IRDY__ c / 1/T?/ -^, Ann nn m / ,u- u 

and TODY are both low). Thus, the bus hi^ory informa- ^ address agnak VECT^FO RD^DR[1:0] (which 

• i j~i • . 4 * » . ' 4 ™™ u *l * u j 9< begin with a binary value 00 and is incremented on each 

tion is loaded into the bus history FIFOs when the watch-dog . JX J 

successive read) 

timer 454 times out, a retry, disconnect C, or target abort ... 

condition is present, the master has aborted the cycle, or a lllus - the bus ^ty ^ bus st » te vec , tor I , 1 ° f ° rm ^ 15 

cycle has successfully completed. ca P tured 10 to assertion of signals fflST_RDY or 

m „ . . , , „ _ w ^ _ Arr , . VECTLJRDY, respectively, or in response to assertion of the 

T^evahddatamo^ signal CAP_ILLEG_PROT if an illegal bus protocol con- 

ated by a D-rype flip-flop 510, which is clocked by the signal , -?r"~ . , , 

PCLK and cleared by the signal RESET. The D input of the 

flip-flop 510 is connected to the output of a NOR gate 512, Expansion Card Space Reservation 

which receives the signal TIME_OUT, master abort signal Unlike conventional computer systems, in the initial 

M_ABORT, and the output of the AND gate 506. Thus, data configuration of the computer system 10 at power up, the 

is valid unless a time out is detected, a master abort cycle is CPU 14 reserves memory space and PCI bus numbers for the 

issued, or a retry, disconnect C, or target abort cycle is s i ots 36 that are empty (no card 807 inserted) or powered 

present. down. 

The signal VECT __RDY is generated by a D type flip-flop As is typically done, the CPU 14 assigns bus numbers for 

514, which is clocked by the signal PCLK and cleared by the PCI buses (e.g., PCI buses 24, 32a-^> and PCI bus(es) of the 

signal RESET. The D input of the flip-flop 514 is connected cards 807 that are inserted into slots 36 and powered up) that 

to the output of an OR gate 516, which receives the time out are present when the computer system 10 is first powered up. 

signal nME__OUT and a signal CHANGE__STATE indi- Each PCI-PCI bridge circuit (e.g., PCI-PCI bridge 26, 

eating that one of the PCI control signals in the bus vector 48), in its configuration register space 1252 (FIG. 49), has a 

has changed state. Thus, the state vector information is 45 subordinate bus number register 1218 and a secondary bus 

loaded into the vector FIFOs whenever control signals on number register 1220. The subordinate bus number register 

the PCI bus 32 change state or when a time-out occurred. 1218 contains a subordinate bus number which is the highest 

Referring to FIG. 44, the bus history data {BUS_HIST_ Pa bus number downstream of the PCI-PCI bridge circuit, 

DATA3[31:0], BUS_HIST_DATA2[31:0], BUS _JIIST_ and the secondary bus number register 1220 contains a 

DATA1[15:0] is provided to the input of bus history register 50 secondary bus number which is the PCI bus number of the 

540, which is the first stage of the bus history FIFO. The bus PCI bus immediately downstream of the PCI-PCI bridge 

history 501 provides output signals BUS _J11ST_FIF01 circuit. Thus, the values stored in the subordinate 1218 and 

[79:0], to the register 542 (the second state of the pipeline), secondary 1220 bus number registers define the range of PCI 

which provides output signals BUS _JUST_JIFO0[79:0]. bus numbers that are downstream of the PCI-PCI bridge 

Both bus history registers 540 and 542 are clocked by the 55 circuit. 

signal PCLK and cleared when the power-good signal The configuration register space 1252 also has a primary 

SYNC_POWEROK is low. bus number register 1222. The primary bus number register 

The bus history registers 540 and 542 are loaded when the 1222 contains the number of the PCI bus located immcdi- 

output of an AND gate 518 is driven high. The AND gate ately upstream of the PCI-PCI bridge circuit. 
518 receives the enable capture bit EN_CAP and the OR of 60 The system controller/host bridge circuit 18 also has the 

the bus history ready signal HIST_RDY and the CAP_ subordinate 1218 and secondary 1220 bus number registers. 

ILLEG_JPROT signal (OR gate 519). The output signals After configuration, the subordinate bus number register 

BUS HIST_FIFO0[79:0] and BUS_HIST„FIFOl[79:0] 1218 of the circuit 18 contains the maximum PCI bus 

are provided to the 0 and 1 inputs, respectively, of multi- number present in the computer system. The secondary bus 

plexers 520, 522, and 524. Each of the multiplexers 520, 65 number register 1220 of the circuit 18 contains bus number 
522, and 524 is selected by a read address signal HIST_ zero, as the PCI bus immediately downstream of the circuit 

FIFO_RD __ADDR (which starts out low to select the 18 (PCI bus 24) always is assigned bus number zero. 
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Unlike the known system, the CPU 14 recognizes that one empty on the PCI bus indicated by the parameter PCI__BUS, 

of the slots 36 that is initially powered down or empty may a return is made from the last call made to the BUS_ 

introduce one or more additional PCI buses (present on the ASSIGN routine. Otherwise, the CPU 14 determines 1008 

card 807 inserted into the slot 36 initially powered down) whether another PCI-PCI bridge circuit was found, and if 

into the computer system 10 after the computer system 10 is 5 not, the CPU 14 increments 1010 the parameter 

already powered up and configured. Accordingly, during CURRENT_PO_BUS, as a slot 36 that is powered down 

initial configuration, the CPU 14 reserves memory space, or empty was found, and finds 1004 the next PCI-PCI bridge 

I/O space and a predetermined number (e.g., one or three) of circuit or slot 36 that is powered down or empty. Thus, by 

PCI bus numbers for any slot 36 that is powered down or incrementing 1010 the parameter CURRENT_PCI _BUS, 

empty. 1Q the CPU 14 effectively reserves a bus number for the slot 36 

Thus, PCI-PCI bridge circuits of the computer system 10 that is powered down or empty. Alternatively, the CPU 14 

do not have to be reconfigured to accommodate the card 807 may reserve more than one bus number for the slot 36 that 

that has recently been powered up. Only the PCI-PCI bridge is powered down or empty. 

circuit of the card 807 that was recently powered up needs If the CPU 14 found a PCI-PCI bridge circuit, the CPU 14 

to be configured. The remainder of the computer system 10 then sets 1012 the primary bus number of the PCI-PCI 

remains unchanged. 15 bridge circuit equal to the parameter CURRENT_PCI_ 

As part of the resource reservation process, a Basic BUS. The CPU 14 then increments 1014 the parameter 

Input/Output System (BIOS) stored in the ROM 23 and CURRENT_Pa_BUS and sets 1016 the secondary bus 

shadowed (and write-protected) in the memory 20, builds a number of the PCI-PCI bridge equal to the new bus number 

table specifying resource ranges being reserved for the slots indicated by the parameter OTRRENT_PCI_BUS. 
36. This table includes bus number, memory, and I/O 20 ^ e CPU 14 then sets 1018 the subordinate bus number 

resource ranges for use in configuring a PCI device that has of & c found PCI-PCI bridge circuit equal to the maximum 

been newly added to the system 10. The operating system possible number of PCI buses by writing to the subordinate 

uses this table to determine what resources have been bmi^boTng^U^Jhisy^imt^m^A^^ 

reserved and what resources are available for configuring the °™ b ™ re ^ ster 1218 » temporary and aUows the CPU 14 

newly added PCI devices. 25 t0 find ^ dltlonaI downstream PCI-PCI bridge 

J , . _ M _ . , nm „ circuits or slots 36 that are powered down or empty. 

As shown , m HG 45 u; a recurve PCI confirm ^ e ^ u ^ additional downstrcam bfid 

routine called BUS_^SSIGN, the CPU 14 assigns PQ bus or slots 36 that m ^ down Qr * 

numbers and programs configuration registers 1252 of the preserving 1022 the parameters PCUUS, DEV and FCN 

PQ-PQ bridge circuits accordingly. The CPU 14 accom- 3Q and recursively calling 1022 the BUS__ASSIGN routine, 

plishes this by scanning one PCI bus at a time for PCI The CPU 14 then restores 1024 the values for the parameters 

devices. The BUS_j\SSIGN routine is part of the BIOS pa_BUS, DEV and FCN, and returns the latest call of the 

stored in the ROM 23 and is used to initially configure the BUS_ASSIGN routine to update the parameter 

computer system 10 after power up. CURRENT__PCI _BUS with the next Pa bus number to be 

The CPU 14 first sets 1000 the value of a search parameter 35 assigned by the CPU 14. 
Pa_BUS equal to the value of another search parameter The CPU 14 then updates 1026 the subordinate bus 
CURRENT_PCI_BUS and initializes 1000 search param- number of the found PQ-PQ bridge by setting 1026 the 
eters FCN and DEV. The parameter Pa__BUS indicates the subordinate bus number equal to the parameter 
bus number of the PCI bus currently being scanned by the CURRENT__PO„BUS. Thus, this completes the assign- 
CPU 14, and when the BUS_ASSIGN routine is first ^ ment of the Pa bus number to the found Pa-PCI bridge 
executed by the CPU 14, the parameter PQJUS indicates circuit and additional downstream Pa-Pa bridge circuits 
bus number zero. and slots 36 that are powered down or empty. The CPU 14 

The parameter CURRENT_Pa_BUS indicates the next then finds 1004 the next Pa-Pa bridge circuit or slot 36 

PQ bus number available for assignment by the CPU, and that is powered down or empty on the PCI bus indicated by 

when the routine BUS^ASSIGN is first executed by the 45 the parameter PQJUS. 

CPU 14, the parameter CURRENT_PCI„BUS indicates As shown in FIG. 46, after the Pa bus numbers are 

bus number zero. The parameters FCN and DEV indicate the assigned, the CPU 14 executes a memory space allocation 

current PCI function and PCI device, respectively, currendy routine called MEM „ALLOC to allocate memory space for 

being scanned by the CPU 14. pa functions and slots 36 that are powered down or empty. 

The CPU 14 determines 1001 whether the parameter 50 The CPU 14 first initializes 1028 search parameters used in 

Pa_BUS indicates bus number zero, and if so, the CPU 14 aiding the CPU 14 in finding the located Pa functions and 

sets 1002 the secondary bus number register 1220 of the slots 36 that are powered down or empty, 
system controller/host bridge circuit 18 equal to zero. The The CPU 14 then finds 1030 the next Pa function or slot 

CPU 14 then finds 1004 the next Pa-Pa bridge circuit or 36 that is powered down or empty. If the CPU 14 determines 

the slot 36 that is powered down or empty on the PCI bus 55 1032 that all Pa functions and all slots 36 that are powered 

indicated by the parameter Pa JUS. down or empty have been allocated memory space, the CPU 

For purposes of determining if the next found PCI device 14 returns from the routine MEM^ALLOC. Otherwise, the 

is a Pa-PCI bridge circuit or docs not exist (a powered CPU 14 determines 1032 whether a Pa function was found, 
down or empty slot) the CPU 14 attempts to read from a If so, the CPU 14 allocates 1038 memory resources as 

value from a one word vendor ID register located in the eo specified by the PCI function. Otherwise, one of the slots 36 

configuration space of every PCI device. A value of that is powered down or empty is found, and the CPU 14 

"hFFFF" (where the prefix "h" denotes hexadecimal allocates 1036 a default memory size and memory alignment 

representation) is reserved and not used by any vendor. If the for the slot 36. The default memory size can either be a 

attempted read from the vendor ID register returns a value predetermined size determined before power up of the 

of "HFFFF " then this indicates no Pa device is present. 65 computer system 10 or a size determined after a determi- 

If the CPU 14 determines 1006 there are no more unfound nation of the memory resources required by the computer 

Pa-Pa bridge circuits or slots 36 that are powered down or system 10. 
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When allocating memory space, the CPU 14 programs 
memory base 1212 and memory limit 1214 registers of the 
PCI-PCI bridge circuits that are upstream of the found PCI 
function. The CPU 14 also programs base address registers 
of the corresponding PCI devices appropriately. The CPU 14 
then finds 1030 the next PCI function or slot 36 that is 
powered down or empty. 

As shown in FIG. 47, after the PCI bus numbers are 
assigned, the CPU 14 executes an I/O space allocation 
routine called I/0_ALLOC to allocate I/O space for PCI 
functions and slots 36 that are empty. The CPU 14 first 
initializes 1040 search parameters used in aiding the CPU 14 
in finding the located PCI functions and slots 36 that 
powered down or empty. 

The CPU 14 finds 1042 the next PCI function or slot 36 
that is powered down or empty. If the CPU 14 determines 
1044 that all PCI functions and slots 36 that are powered 
down or empty have been allocated I/O space, the CPU 14 
returns from the I/0_ALLOC routine. Otherwise, the CPU 
14 determines 1044 whether a PCI function was found. If so, 
the CPU 14 allocates 1050 I/O resources as specified by the 
PCI function. Otherwise, a slot 36 that is powered down or 
empty was found, and the CPU 14 allocates 1048 a default 
I/O size and I/O alignment for the slot 36. The default I/O 
size can either be a predetermined size determined before 
power up of the computer system 10 or a size determined 
after a determination of the I/O resources required by the 
computer system 10. 

When allocating I/O space, the CPU 14 programs the I/O 
base 1208 and limit 1210 registers of the PCI-PCI bridge 
circuits upstream of the PCI function or slot 36. The CPU 14 
also programs base address registers of the corresponding 
Pa devices appropriately. The CPU 14 then finds 1042 the 
next PCI function or slot 36 that is powered down or empty. 

As shown in FIG. 48, after initial configuration, when an 
interrupt is generated that indicates one of the levers 802 has 
opened or closed, the CPU 14 executes an interrupt service 
routine called CARD_JNT. The CPU 14 reads 1052 the 
contents of the interrupt register 800 to determine 1053 
whether the lever 802 has been opened or closed. If the CPU 
14 determines 1053 that the lever 802 causing the interrupt 
was opened, the CPU 14 returns from the routine CARD_ 
INT. 

Otherwise, the CPU 14 writes 1054 to the slot enable 
register 817 and sets 1054 the SO bit to initiate the power up 
of the slot 36 and the card 807 inserted into the slot 36. The 
CPU 14 then waits (not shown) for the card 807 to power up. 
The CPU 14 then accesses 1055 the PCI bus on the card, if 
any. The CPU 14 then determines 1056 whether the card 807 
that was just powered up has a PCI bus (and PCI-PCI bridge 
circuit). If so, the CPU 14 determines 1057 the primary, 
secondary and subordinate bus numbers reserved for the slot 
36 in which the card 807 was powered up. The CPU 14 
subsequently configures 1058 the PCI-PCI bridge circuit on 
the card 807 that was powered up. 

The CPU 14 then determines 1060 the location and size 
of I/O and memory spaces reserved for the slot 36. The CPU 
14 subsequently writes 1062 to base address registers in the 
PCI configuration header space of the card 807 that was 
powered up. The CPU 14 then reads 1064 an interrupt pin 
register in the configuration space of the card 807 to deter- 
mine 1066 whether the card 807 uses interrupt requests. If 
so, the CPU 14 writes 1068 an interrupt line register in the 
configuration space of the card 807 with an assigned IRQ 
number. 

The CPU then enables 1070 command registers of the 
card 870 which are located in the configuration space of the 



2,271 

98 

card 807 and allow the card 807 to respond to memory and 
I/O accesses on the PCI bus 32. The CPU 14 subsequently 
writes 1072 to the interrupt register 800 to clear the interrupt 
request and loads 1074 a software device driver for the card 
5 807.TheCPU14thenremrasfrommeroutmeCARD„INT. 

Bridge Configuration 

Functionally, bridge chips 26 and 48 form a PCI-PCI 
bridge between PCI buses 24 and 32. However, each bridge 

10 chip includes configuration space which must be indepen- 
dently configured. One solution is to treat the two bridges as 
independent devices forming one bridge, but that would 
require modification of the BIOS configuration routine. The 
other solution is to define the cable 28 as a bus so that the 

15 configuration routine can configure the upstream bridge chip . 
26 as a PCI-PCI bridge between the PCI bus 24 and the cable 
28, and the downstream bridge chip 48 as a PCI-PCI bridge 
between the cable 28 and the PCI bus 32. One advantage of 
this second solution is that standard PCI configuration cycles 

20 can be run to configure the bridge chips 26 and 48 as if they 
were two PCI-PCI bridges, when in fact the two bridge chips 
actually form one PCI-PCI bridge. 

There are two types of configuration transactions on a PCI 
bus: type 0 and type 1. A type 0 configuration cycle is 
intended for devices on the PCI bus on which the configu- 
ration cycle is generated while a type 1 configuration cycle 
is targeted for devices on a secondary PCI bus accessed via 
a bridge. FIG. 51 illustrates the address format of the type 0 

3Q and type 1 configuration cycles. A type 0 configuration 
command is specified by setting PCI address bits AD[1:0] to 
00 during a configuration cycle. A type 0 configuration cycle 
is not forwarded across a PCI-PCI bridge, but stays local on 
the bus on which the type 0 configuration transaction was 

35 generated. 

A type 1 configuration command is specified by setting 
address bits AD[1:0] to binary value 01. Type 1 configura- 
tion commands can be forwarded by a PCI-PCI bridge to any 
level in the PCI bus hierarchy. Ultimately, a PCI-PCI bridge 

4Q converts a type 1 command to a type 0 command to 
configure devices connected to the secondary interface of 
the PQ-Pa bridge. 

Configuration parameters stored in the configuration reg- 
isters 105 or 125 of the bridge identify the bus numbers for 

45 its primary PCI interface (primary bus number) and second- 
ary Pa interface (secondary bus number) and a subordinate 
bus number that indicates the highest numbered PCI bus 
subordinate to the bridge. The bus numbers are set by the 
Pa configuration routine BUS_j\SSIGN (FIG. 45). For 

50 example, in the upstream bridge chip 26, the primary bus 
number is the bus number of the bus 24, the secondary bus 
number is the number of the cable 28, and the subordinate 
bus number is the number of the secondary PQ bus 32 or the 
number of a deeper Pa bus if one exists. In the downstream 

55 bridge chip 48, the primary bus number is the number of the 
cable bus 28, the secondary bus number is the number of the 
Pa bus 32, and the subordinate bus number is the number 
of a Pa bus located deeper in the Pa bus hierarchy, if one 
exists. 

60 Referring to FIG. 53A, detection of configuration cycles 
are handled by logic in the PCI target block 103 or 121 in 
the upstream bridge chip 26 or downstream bridge chip 48, 
respectively. A type 0 configuration cycle detected on the 
upstream bus 24 is indicated by asserting a signal TYP0_ 

65 CFG_CYC_US generated by an AND gate 276. The AND 
gate 276 receives signals UPSTREAM_CIIIP, DDSEL(chip 
select during configuration transactions), CFGCMD 
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(configuration command cycle detected) and ADDR00 (bits 
1 and 0 are both zeros). A type 0 configuration cycle detected 
by the downstream bridge chip 48 is indicated by a signal 
TYPO_CFG_CYC_ DS generated by an AND gate 278, 
which receives a signal SUL_JDSEL (IDSEL signal for 
the downstream bridge chip 48), the signal CFGCMD, the 
signal ADDROO, a signal MSTR_ACTIVE (indicating that 
the bridge chip 48 is the master on a secondary PCI bus 32), 
and the inverted state of a signal UPSTREAM„CHIP. 

Detection of a type 1 configuration cycle by the PCI target 
103 in the upstream bridge chip 26 is indicated by asserting 
a signal TYPL_CFG_CYC_US from an AND gate 280, 
which receives signals CFGCMD, ADDR01 (bits 1 and 0 are 
low and high, respectively) and UPSTREAM_CHIP Detec- 
tion of a type 1 configuration cycle on the downstream bus 
32 is indicated by asserting a signal TYP1_CFG_CYC_ 
DS from an AND gate 282, which receives the signals 
CFGCMD, ADDR01, and the inverted state of the signal 
UPSTREAM_CHIP 

The bridge chip receiving the type 0 transaction uses the 
register number field 250 in the configuration transaction 
address to access the appropriate configuration register. The 
function number field 252 specifies one of eight functions to 
be performed in a multi-functional device during the con- 
figuration transaction. A PCI device can be multi-functional 
and have such functions as a hard disk drive controller, a 
memory controller, a bridge, and so forth. 

When the bridge chip 26 sees a type 1 configuration 
transaction on its upstream bus 26, it can forward the 
transaction either downstream, translate the transaction to a 
type 0 transaction, convert the transaction to a special cycle, 
or ignore the transaction (based on the bus number param- 
eters stored in the configuration registers 105 or 125). If a 
transaction is forwarded, it is up to the PCI master of the 
destination bridge chip to convert the type 1 transaction to 
the corresponding appropriate transaction. If a bridge chip 
handles the transaction itself, then it responds by asserting 
the signal DEVSEL_ on the PCI bus and handles the 
transaction as a normal delayed transaction 
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125 according to the type 0 transaction. The control pins of 
the downstream chip are driven and read and write data 
appear on the downstream PCI bus 32 as if a type 0 
transaction is running on the downstream bus (for debug 
purposes), although each IDSEL on the downstream bus 32 
is blocked so that no device actually responds to the type 0 
transaction. 

If the PCI target block 103 in the upstream bridge chip 26 
detects a type 1 configuration transaction on its upstream bus 
24, having a bus number field equal to the stored secondary 
bus number (the cable bus 28) but not addressing device 0 
(searching for other devices on the cable bus 28), then the 
target block 103 ignores the transaction on the primary bus 
26. 

If the PCI target 121 detects a type 1 configuration write 
transaction (WR_ high) on the secondary PCI bus 32, which 
has a bus number field 260 outside the range of the second- 
ary bus number and subordinate bus number (IN RANGE 

low), and if the device number 258, the function number 
256, and the register number 254 indicate a special cycle 
(SP _MATCH high), then a signal PASS_TYPLUS is 
asserted by an AND gate 290. lite AND gate 290 receives 
the signal TYP1__CFG_CYC_DS, the signal 
SP_ J MATCH, the write/read strobe WR__, and the inverted 
state of the signal IN_RANGE. When the PCI master 101 
in the upstream bridge chip 26 receives such a cycle, it runs 
a special cycle on the primary PCI bus 24. 

Configuration transactions are ignored by a bridge chip 
under certain conditions. If the target block 103 in the 
upstream bridge chip 26 detects a type 1 configuration 
transaction on the PCI bus 24 (its upstream bus), and the bus 
number field 260 is less than the secondary bus number or 
greater than the subordinate bus number stored in the bridge 
chip's configuration space, then the target block 103 ignores 
the transaction. 

If the target block 121 in the downstream bridge chip 48 
detects a type 1 configuration transaction on the secondary 
PCI bus 32 (its downstream bus), and the bus number field 



In a type 1 configuration transaction, the bus number field 40 260 fa S reater than or ec l ual to secondary bus number and 



260 selects a unique PCI bus in the PCI hierarchy. PCI target 
block 103 passes a type 1 configuration cycle from the 
upstream chip 26 down to the downstream bridge chip 48 if 
a signal PASS_TYP1 _J)S is asserted by an AND gate 284. 
The AND gate 284 receives the signal TYPLCFG_CYC_ 45 
US and a signal IN„RANGE (the bus number field 260 is 
greater than or equal to the stored secondary bus number and 
less than or equal to the stored subordinate bus number). The 
other input of the AND gate 284 is connected to the output 
of an OR gate 286, which has one input connected to the 
output of an AND gate 288 and the other input receiving the 
inverted state of a signal SEC _BUS_MATCH. Thus, if a 
type 1 cycle is detected, the signal IN__RANGE is asserted 
and the bus number field 260 does not match the stored 
secondary bus number, the signal PASS_TYP1 _DS is 
asserted. If the bus field 260 does not match the stored 
secondary bus number, then bus devices on or below the 
downstream bus 32 are addressed. The AND gate 288 asserts 
its output high if the signal SEC_BUS_3tXTCH is asserted 
high and the device number field 258 indicates that the target 
of the type 1 configuration cycle is the configuration space 
of the downstream bridge chip 48. If this is true, the type 1 
configuration transaction is forwarded down the cable 28 to 
the downstream bridge chip 48 for translation to a type 0 
configuration transaction. The PCI target 121 in the down- 
stream bridge chip 48 responds to the transaction and reads 
and writes the downstream bridge configuration registers 
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less than or equal to the subordinate bus number stored in the 
bridge chip's configuration space, then the target block 121 
ignores the transaction. In addition, type 1 configuration 
commands going upstream are ignored if the type 1 com- 
mand does not specify a conversion to a special cycle 
transaction regardless of the bus number specified in the 
type 1 command. 

Referring to FIG. 53B, the PCI master 101 or 123 watches 
for a configuration cycle transferred over the cable 28. If the 
PCI master 123 in the downstream bridge chip 48 detects a 
type 1 configuration transaction from the upstream bridge 
chip 26, it compares the bus number field 260 with the 
primary bus number and secondary bus number stored in the 
configuration space of the bridge chip 48. If the bus number 
field 260 matches either the stored primary bus number (i.e., 
cable 28) or the stored secondary bus number (addressing a 
device directly connected to the downstream bus 32), the 
downstream bridge chip 48 translates the transaction to a 
type 0 transaction (by setting AD[l:0]-00) as it passes the 
configuration transaction onto the bus. The type 0 transac- 
tion is performed on the PCI bus 32 by the PCI master block 
123. 

The following are translations performed of fields in the 
type 1 configuration transaction. The device number field 
258 in the type 1 configuration transaction is decoded by the 
PCI master 123 to generate a unique address in the translated 
type 0 transaction on the secondary bus 32, as defined in 
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table of FIG. 52. The secondary address bits AD[31:16] secondary PCI bus 32 unchanged. Some other device on the 

decoded from the device number field 258 are used by the secondary PQ bus 32, e.g., another bridge device 323 (FIG. 

PQ master 123 to generate the appropriate chip select 26B), will receive the type 1 configuration transaction and 

signals IDSEL for the devices on the secondaiy PCI bus 32. forward to its secondary bus (PCI bus 325). 
When the address bit AB[15] is equal i to 1 L then the bridge 5 A type 1 configuration transaction to special cycle trans- 
chip 48 maintains all of ^address bits AD[31:16] deasserted rfonned tf me pa ^ m 6 ^ 

low (no IDSEL asserted). The register number field 254 - *T t 4 . , lL . 'K. 

and-ie function number field 256 of the type 1 configura- write transaction from the upstream bridge 

tion command are passed unmodified to thetype 0 configu- chl P 2 « the bu f ma ^ e matcl ! es *? e , f™? 

ration command. The function number field 256 selects one in bus number and d the device number field 258 

of eight functions, and the register number field 254 selects 10 ^ function number field 256 and theater num^ber field 

a double word in the configuration register space of the ?** ,ndl f u tes a cycle (SP_MATCH is mgh^This is 

selected function. g ^ 268 A ^f rtU,g 8 ^ TYP ? 1 ~ 

_ , - .. . .. . . . . TO_SPCYC high. The AND gate 268 receives 

For a type 1 configuration transaction targeted to the „„ . , , ^„ „„, rA1/ Jt _ c • i 

. , "7 .. r? AO ,. ... .. .„ 6 . SP MATCH, and Q2P_CBE_[0] (command bit for special 

downstream bridge chip 48, the bridge chip 48 converts the 1t V\ m. j . .u . • c 

, . . . ft . -r 15 cycle). The data from the type 1 configuration transaction 

type 1 transaction to a type 0 transact^ as if it were fate OcvkMc^ Jib* d^toab*. 

i'Srtf ?S * .°f dow ^ eam bui \ 32 ' The address during a special cycle is ignored. 

AD[31:16] pins are set to zeros so that no secondary PCI bus or j &- 

device receives an IDSEL. The PCI master logic 123 detects Bus Performance Monitor 

this by asserting a signal TYPl_TO_INT0 driven by an 7n ^ 

AND gate 262. The AND gate 262 receives a signal CFG_ ^ bus monitor 127 <F lG - 3 ) mcludes circuitry for 

CMD (indicating a configuration command cycle), the out- storing information to calculate certain bus performance 

put of an OR gate 264, and the inverted state of the signal parameters. The parameters include bus utilization, bus 

UPSTREAM_CHIP (type-l-to-type-0 translation is dis- efficiency, and read data efficiency. Bus utilization is the 

abled in the upstream bridge chip 26). The OR gate 264 ^ ratio of me time mat me bus is busy performmg a transaction 

asserts its output high if a signal PPJM_BUS_J4ATCH is to a predetermined global period of time. Bus efficiency is 

asserted (the bus number field 260 matches the stored me ratio of me number of PCI clock periods actually used 

primary bus number), or if the stored primary bus number for data transfer to the total number of clock periods during 

CFG2P_PRIM_BUS_ NUM[7:0] is equal to zero the bus busy period. Read data efficiency is the ratio of the 

(indicating that the primary bus number in the configuration ^ number of the read data bytes accessed by a device on the 

space of the bridge chip 48 has not been configured by the secondary PCI bus 32 from the delayed completion queue 

system BIOS yet and the current type 1 configuration cycle (° C Q) 144 <^ G 4 ) to me total number of data bytes fetched 

is going to the internal configuration space to program the for mat master b y ^ brid S e cni P 48 ^ information stored 

primary bus number of the bridge chip 48). m me bus monitor 127 is retrieved by system software to 

A signal TYPl_TO_EXT0 is asserted by an AND gate 35 calculate me desired Parameters. 
266 and responds to a match to the stored secondary bus Referring to FIG. 54A, a global period tuner 1300 (which 

number. The inputs of the AND gate 266 receive the signal can be 32 bits wide) counts a total period of time during 

CFG CMD, the signal SEC_BUS_MATCH, the inverted which the various parameters are to be calcula ted The tim er 

state of the signal UPSTREAM CHIP, and the inverted state 1300 ^ programmed to the hexadecimal value FFFFFFFF. If 

of a signal SP_MA1CH (not a special cycle). The signal 40 me clock PCICLK2 is running at 33 MHz, then the 

TYPl_TO__EXT0 indicates that the converted type 0 con- timer period is approximately 2 minutes. When the timer 

figuration transaction is targeted to a device on the second- 1500 decrements to 0, it asserts a signal GL__TIME_ 

aryPCIbus32. EXPIRE. 

The signal TYPl_TO_JNT0 is provided to the 1 input of The bus monitor 127 includes 7 slot-specific bus-busy 

a 4:1 multiplexer 274. The 2 input is tied low and the 0 and 45 counters 1302A-G, six of the counters corresponding, 

3 inputs of the multiplexer 274 receive a signal LTYP1_ respectively, to the 6 slots on the secondary Pa bus 32 and 

TO_INT0 from a D type flip-flop 270. The select input SI one to the SIO 50. The bus-busy counters 1302A-G are 

of the multiplexer 274 receives a signal CMD_LATCH cleared when the signal GL TTME_JEXPIRE is asserted. 

(FRAME_ asserted for a new cycle on the PCI bus 32), and Depending on which bus device has control of the secondary 

the select input SO receives a signal P2Q_START_PULSE so bus 32, the bus-busy counter 1302 increments on every PCI 

(which indicates when high that an address has been sent to clock in which the secondary Pa bus FRAME_ or IRDY_ 

the Pa bus 32). The output of the multiplexer 274 is signal is asserted. The appropriate one of the seven counters 

connected to the D input of a flip-flop 270, which is clocked is selected by one of the grant signals GNT[7:1L Thus, for 

by the signal PCLK and cleared by the signal RESET. The example, the bus-busy counter 1302A is selected when the 

IDSEL signals to the secondary bus devices are blocked by 55 signal GNT[1]_ is asserted low, indicating that the SIO is 

asserting a signal BLOCK_IDSEL from an OR gate 272, the current master on the secondary PQ bus 32. 
which receives at its inputs signals Q2P _^AD[15] (no con- Seven data-cycle counters 1306A-G, corresponding, 

version needed according to Table 1 of the FIG. 6), TYP1_ respectively, to the 6 slots on the secondary Pa bus 32 and 

TO _INT0 and LTYPl_TO_INT0. The signal LTYP1_ the SIO 50, keep track of the time during which a data 

TO_JNT0 extends the assertion of the signal BLOCK_ 60 transfer is actually occurring between a master and a target 

IDSEL. during a transaction on the Pa bus 32. The selected 

If the Pa master 123 in the-downstream bridge chip 48 data-cycle counter 1306 is incremented on every Pa clock 

receives a type 1 configuration transaction from the in which the secondary bus IRDY_ and ITU) Y_ signals are 

upstream bridge chip 26 in which the bus number field 260 both asserted low. The data-cycle counters 1306A-<J are 

is greater than the stored secondary bus number and less than 65 cleared when the signal G L_TIME_EXPI RE is asserted, 
or equal to the stored subordinate bus number, then the Pa Six DCQ data counters 1310A-F are included in the bus 

master block 123 forwards the type 1 transaction to the monitor 127 for keeping track of the amount of data loaded 
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into the DCQ buffers. The six DCQ data counters 1310A-F transfer bus efficiency, the interrupt handler divides the 

correspond to the 6 slots on the secondary PCI bus 32. The value of the data-cycle counter 1306 by the value of the 

selected DCQ data counter 1310 increments on every PCI bus-busy counter 1302. The bus efficiency represents the 

clock in which delayed read completion (DRC) data is amount of time during which a data transfer actually occurs 

received from the cable 28 and loaded into the prefetch 5 during a bus transaction. By calculating this value, the 

buffers. computer system can be made aware of target devices which 

Another set of counters, DCQ-data-used counters require many wait states and therefore are inefficient. 

1314A-F, are used to keep track of the amount of data The bridge chip 48 can fetch data from the primary PCI 

loaded into the DCQ 144 actually used by the 6 slots on the bus 26 and store the data in the DCQ 144. The DCQ 144 has 

secondary PCI bus 32. The selected DCQ-data-used counter 10 eight buffers, each being assignable to a secondary bus 

1314 increments on every PCI clock in which the secondary master. For example, a memory read multiple transaction 

bus master reads data from the corresponding DCQ buffer. generated by a secondary bus master targeted at the primary 

Both the DCQ-data counters 1310A-F and DCQ-data-used bus will cause bridge 26, 48 to fetch 8 cache lines from the 

counters 1314A-F increment on each data cycle regardless memory 20 and load into the DCQ 144. A memory read line 

of the number of bytes actually transferred. In most cases, 15 transaction will cause the PCI -PCI bridge 26, 48 to fetch one 

the number of bytes transferred in each data cycle is 4. line of data from the memory 20. In addition, as described 

When the global period timer 1300 times out and asserts in conjunctin with FIGS. 75 and 79, the PCI-PCI bridge 26, 

the signal GL_1TME_EXPIRE, several events occur. First, 48 can perform read promotion, which converts a read 

the global period timer 1300 reloads its original count value, request from a secondary bus master to a read request for a 

which is the hexadecimal value FFFFFFFF. The contents of 20 larger block of data. In these instances, there exists a 

all the other counters, including the-bus-busy counters possibility that not all of the fetched data will be used by the 

1302A-G, data-cycle counters 1306A-G, DCQ data bus master. In that case, the unread data is discarded, which 

counters 1310A-F, and DCQ-data-used counters 1314A-F, reduces the read data efficiency. Measuring the read data 

are loaded into registers 1304, 1308, 1312, and 1316, efficiency allows system designers to understand how a bus 

respectively. The counters 1302, 1306, 1310, and 1314 are 25 master is utilizing read data fetched by the bridge chip 26, 

then cleared to 0. The global period timer 1300 then begins 48 from primary bus 24. 

to count again after it is reloaded with its original value. Referring to FIG. 54B, the counter 1310 increments on 

The signal GL__TIME__EXPIRE is provided to the inter- the rising edge of the clock PCLK if the signal DCQ_ 

nipt receiving block 132, which forwards the interrupt over DATA_RECEIVED[X], X-2-7, is asserted, indicating that 

the cable 28 to the interrupt output block 114, which in turn four bytes of data are being received by a DCQ buffer 

generates an interrupt to the CPU 14. The CPU 14 responds associated with master X from the cable 28. The counter 

to the interrupt by invoking an interrupt handler to perform 1310 outputs count value DCQ_DATA[X][20:0], X-2-7, 

the bus performance analysis. The interrupt handler accesses which is cleared to zero when the signal GL_TTME_ 

the contents of the registers 1304, 1308, 1312, and 1316, and 35 EXPIRE is asserted. 

calculates the several parameters, including the bus The counter 1314 increments on the rising edge of the 

utilization, bus efficiency, and prefetch efficiency parameters clock PCLK if a signal DCQ__D ATA_TAKEN[X], X=2-7, 

associated with the 6 secondary bus slots and the SIO 50. is asserted, indicating that four bytes of data are read from 

The bus utilization parameter is the value of the bus-busy a DCQ buffer associated with master X. The counter 1314 is 

counter 1302 divided by the initial value of the global period ^ cleared when the signal GL_T1ME_EXPI RE is high, 

timer 1300, which is the hexadecimal value FFFFFFFF. To determine the amount of the DCQ data that is actually 

Thus, bus utilization is the percentage of the total global used by the devices on the secondary PCI bus 32, the 

time during which a bus master is performing a bus trans- prefetch efficiency is calculated by the interrupt handler, 

action. This is determined by taking the ratio of the value in the 

A PCI transaction includes an address phase and at least 45 DCQ-data-used counter 1314 to the value in the DCQ data 

one data transfer phase. A bus master asserts the signal counter 1310. Even though not all data transferred into or 

FRAME__ to indicate the beginning and duration of an out of the prefetch buffers are 4 bytes wide, that ratio is 

active bus transaction. When the signal FRAME_ is closely approximated by assuming that every data phase 

deasserted, that indicates the transaction is in the final data transfers the same number of bytes, 

phase or the transaction has been completed. The signal 50 In response to the calculated parameters, a user or the 

IRDY_ indicates that the bus master is able to complete the computer manufacturer can better understand computer sys- 

current data phase of the bus transaction. During a write, the tern performance. For example, if bus efficiency is low, then 

signal IRDY_ indicates that valid data is present on the bus. the PCI device involved could be replaced with a different 

During a read, the signal IRDY_ indicates the master is part by the computer manufacturer. Knowing the DCQ read 

prepared to accept read data. The addressed PCI target 55 data efficiency allows the computer manufacturer to change 

responds to the bus transaction by asserting the signal its DCQ fetch algorithm to better improve efficiency. 
TRDY__ to indicate that the target is able to complete the 

current data phase of the transaction. During a read, the Usin g Subordinate Bus Device 

signal TRDY_ indicates that valid data is present on the As shown in FIG. 88, six expansion cards inserted into the 

bus; during a write, the signal TRDY_ indicates the target go six expansion cards slots 36a-/ introduce bus devices 

is prepared to accept data. Wait states can be inserted 1704-1708 that are subordinate to the CPU 14 and bus 

between the- address and data phases and between consecu- devices 1701-1702 that are subordinate to an I^O processor 

tive data phases of the bus transaction. During the address 1700. Although all of the subordinate bus devices 

phase or the wait states, no data transfer is actually occur- 1701-1708 are connected to the common PCI bus 32, the 

ring* 65 I 2 0 subordinate devices 1701-1702 appear to the CPU 14 to 

Actual data transfer is occurring only when both signals only be addressable through the I 2 0 processor 1700 and not 

IRDY_ and TRDY_ are asserted low. To determine the data directly addressable via the PCI bus 32. Therefore, the PCI 



6,032,271 

105 106 

bus 32 serves as both an I 2 0 subordinate device bus and a received by the block 132 should be routed to the I 2 0 

CPU 14 subordinate device bus. For purposes of preventing processor 1700 for processing. Furthermore, the logic 1710 

the CPU 14 from recognizing the I 2 0 subordinate devices uses the contents of the register 1728 to block recognition by 

1701-1702 as PCI bus 32 devices, the bridge chip 48 the CPU 14 of the I 2 0 subordinate devices 1701-1702 from 

includes logic 1710 (FIG. 90) for preventing the I^O sub- 5 the CPU 14. 

ordinate devices 1701-1702 from responding to configura- c f . . . . . , , , 

tion cycles run by the CPU 14. The expansion box 30 also .^TT f * f g rec6,V1 ^ b ^ 

includes multiplexing circuitry 1712 which cooperates with V?> **** • * ™* * " ^£££52°^ ^ 

4L . t , ■ • ui 1 f*u wa u- ao *~ 14 sets one bit of an I 2 0 slot register 1730 (FIG. 92) whose 

the interrupt receiving block 132 of the bridge chip 48 to K n e j . \u t * r i n *u* 

. . , * 4 f . .. ♦u*u oJliw- Dlts 0-5 correspond to the slots 36a-/, respectively. For this 

mask interrupt requests originating with the I 2 0 subordinate in -niA f « j • -j *l i_ *j i * 

j . iwi ii ** « *u r-DinA register 1730, located inside the bridge chip 48, a value of 

devices 1701-1702 from propagating to the CPU 14. Inter- u JzT- , 4 , • * j i * « j * u 

.. -fin i i* * * j • for a bit indicates the associated slot 36 does not have 

nipt requests originating with I 2 0 subordinate bus devices t ^ A , f tt .„ r 4 , . . , 

%n M \nm a- « j u .iT • * * * ui u an hP processor and a value of 1 for the bit mdicates the 

1701-1702 are redirected by the interrupt receiving block * ^Li slot 36 has an , 0 nm ™ w 

132 to the I 2 0 processor 1700. The I 2 0 processor 1700 slot 36 nas ™ hP processor, 

configures the L.0 subordinate devices 1701-1702; receives 15 ^ m mG * the logic 1710 includes a multi-bit 

and processes interrupt requests originating from the I 2 0 AND g ate 17n which furnishes signals AD_IDSEL[5:0] to 

subordinate devices 1701-1702; and controls operation of address/data lines of the bus 32 to select devices on the bus 

the I 2 0 subordinate devices as directed by the CPU 14. 32 configuration cycles. The AND gate 1711 receives 

After power up of the computer system 10 and when a a six bit s £ naI ENABIX[5:0] having bits indicative of and 

card 807 is powered up (i.e., a new bus device is introduced ^ g ? f ^° ^rdinzte register 1728. 

onthePCIbus32),theI 2 Oprocessorl700scansthePCIbus ™°AND ^ t ^J d T^ M 

32 to identify 1 2 0 subordinate bus devices. For purposes of select signals SLOT_JDSEL[5:0] furnished by the bridge 

identifying the type of bus device (I 2 0 subordinate bus <*? 48 f ° r deY1 ^ s on ^^ A ? T *!£X COnfigU ; 

device or CPU 14 subordinate device), the I 2 0 processor J*™ the f^E^^f^ 

1700 runs configuration cycles on the PCI bus 32 to read the ^ ^l 60 ^ mask ^ SLOT^SEU5:0] fromthe 

device identification word (Device ID) of each bus device. ^ bus 32 WQeQ ^^^Uon cycles are run by the CPU 
The Device ID is located in the configuration header space 

of all Pa devices. The I 2 0 processor 1700 stores the results For purposes of controlling the destination of interrupt 

of this scan in a six bit I 2 0 subordinate register 1729 (FIG. requests from the slots 36o-rf, the four standard PCI inter- 

93) inside the L^O processor 1700 which is accessible by the 30 ru P t ret I ue st signals (INTA#, INTB#, INTC# and INTD#) 

CPU 14. Bits zero through five of the register 1729 are provided by each slot 36 are furnished to multiplexing 

associated with slots 36a^f, respectively. A value of "T for circuitry 1712 (FIG. 88). The multiplexing circuitry 1712 

a bit indicates the associated slot 36 has a bus device serializes the PCI interrupt request signals received from the 

subordinate to the CPU 14 and a value of "(T for a bit slots 36 furnishes the signals to the interrupt receiving 

indicates the associated slot 36 has a bus device subordinate 35 block 132 via four time multiplexed serial interrupt request 

to the hfl processor 1700. signals: INTSDA#, INTDSB#, INTSDC#, and INTSDD#. 

The I 2 0 processor 1700 can be inserted into any of the As shown in FIG. 89, the interrupt receiving block 132 
slots 36a-/. For purposes of identifying which slot 36, if any, furnishes interrupt request signals for the CPU 14 to the 
contains an I 2 0 processor, the CPU 14 scans the PCI bus 32 interrupt output block 114 via a time multiplexed serial 
and reads the Device ID of the bus devices connected to the 40 interrupt request signal INTSDCABLE#. The interrupt 
bus 32. The CPU 14 does not attempt to configure any receiving block 132 furnishes interrupt request signals for 
devices 1704-1708 on the bus 32 until a host configuration foe hO processor 1700 via a time multiplexed serial inter- 
enable bit 1726 (FIG. 94) inside the I 2 0 processor 1700 rupt request signal INTSDIIO# furnished via a PCI INTC# 
indicates to the CPU 14 that the I 2 0 processor 1700 has 1™ 1709 of tne bus 32 to the processor 1700 
completed its identification of I 2 0 subordinate devices 45 The interrupt output block 114 furnishes the interrupt 
1701-1702 on the bus 32. The host configuration enable bit requests destined for the CPU 14 to one or more of the 
1726 has a value of "0" (value at power up) to disable standard PCI interrupt request lines (INTA#, INTB#, 
configuration of the devices on the bus 32 by the CPU 14 and INTC#, and INTD#) of the PCI bus 24. An interrupt con- 
a value of "l w to enable configuration of the CPU 14 troller 1900, external to the bridge chip 26, receives the 
subordinate devices 1704-1708 on the bus 32. When the 50 interrupt requests from the PCI interrupt request lines of the 
CPU 14 does configure bus devices on the bus 32, the CPU PCI bus 24. The interrupt controller 1900 prioritizes the 
14 does not "see" the I 2 0 subordinate device 1701-1702 interrupt requests (which may include interrupt requests 
because of the masking by the logic 1710, as described from other devices on the PCI bus 24) and furnishes them to 
below. the CPU 14. The interrupt output block 114 may either 

After the host enable configuration bit 1726 is set, the 55 asynchronously (when in an asynchronous mode) furnish the 

CPU 14 reads the contents of the I 2 0 subordinate register interrupt request signals to the interrupt request lines of the 

1729 and transfers the read contents to a six bit I 2 0 PCI bus 24 or serially (when in a serial mode) furnish the 

subordinate register 1728 (FIG. 91) of the bridge chip 48. interrupt request signals to the INTA# line of the PCI bus 24, 

The register 1728 indicates the subordinate status (I 2 0 as further described below. 

processor 1700 subordinate or CPU 14 subordinate) of the 60 As shown in FIG. 95, all of the time multiplexed serial 

bus devices in the same manner as the register 1729. Before data signals represent their data via an interrupt cycle 1850 

the CPU 14 writes to the register 1728, the register 1728 which comprises eight successive time slices (T0-T7). The 

contains all ones (value at power up) which allows the CPU duration of each time slice is one cycle of the PCI clock 

14 to scan the bus 32 for the I 2 0 processor 1700. The signal CLK. Each time slice represents a "snapshot" of the 

interrupt receiving block 132 uses the register 1728 to 65 status of one or more interrupt request signals. As shown in 

identify which interrupt requests received by the block 132 FIG. 99, the signal INTSDA# represents the sampled INTA# 

should be routed to the CPU 14 and which interrupt requests interrupt request signals from the slots 36a~f. The signal 
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INTSDB# represents the sampled INTB# interrupt request G_CNTR[7:0] signal, G_CNTR[7]. Although the 

signals from the slots 36a-/. The signal INTSDC# represents INTSYNC# signal is pulsed low during the time slice T7, the 

the sampled INTC# interrupt request signals from the slots interrupt receiving block 132 could alternatively wait sev- 

36a-/. The signal INTSDE)# represents the sampled INTD# eral cycles of the CLK signal after ending an interrupt cycle 

interrupt request signals from the slots 36a-/ 5 1850 before pulsing the INTSYNC# signal low. The signals 

For purposes of combining the interrupt signals INTSYNCCABLE# and TNTSYNCIIO# are both provided 

INTSDA#-D# into the signal INTSDDOtf, the interrupt by the output of an inverter 1755 which receives the bit 

receiving block 132 logically ANDs the signals G_CNTR[0]. 

INTSDA#-D# together while simultaneously masking inter- An additional interrupt request signal CAY_INT# for the 

rupt request signals destined for the CPU 14. Similarly, for 1Q CPU 14 is provided by the SIO circuit 50. The CAY__INT# 

purposes of combining the interrupt signals INTSDA#-D# signal is logically ANDed with the INTSDA#-D# signals 

into the signal INTSDCABLE#, the interrupt receiving during time slice TO. The CAY_JNT# signal is furnished by 

block 132 logically ANDs the signals 1NTSDA#-D# the output of an AND gate 1756 which receives a SIO_ 

together while simultaneously masking interrupt request CMPL# signal, the SI_JNTR# signal, and an I 2 C_INT# 

signals destined for the CPU 14. 15 signal. The SIO_CMPL# signal is asserted, or driven low, 

For the purpose of instructing the interrupt output block when the SIO circuit 50 has completed a serial output 

114 when another interrupt cycle 1850 is beginning, the process. The I 2 C_INT# signal is asserted, or driven low, to 

interrupt receiving block 132 furnishes a synchronization indicate completion of a transaction over an I 2 C bus (not 

signal INTSYNCCABLE# to the interrupt output block 114. shown) connected to the bridge chip 48. The I 2 C_INT# 

The falling, or negative, edge of the signal 1NTSYNC- ^ signal is deasserted, or driven high, otherwise. 

CABLE# indicates that time slice TO of the interrupt cycle for purposes of masking interrupt requests, the interrupt 

1850 transmitted via the signal INTSDCABLE# is begin- receiving block 132 generates four masking signals: 

ning on the next positive edge of the CLK signal. A signal MASKA, MASKB, MASKC and MASKD. When the 

INTSYNCIIO# is used in an analogous fashion to indicate MASKA signal is asserted, or driven high, during a particu- 

an upcoming time slice To of the interrupt cycle 1850 ^ i ar time slice (T0-T7) of the signal INTSDA#, an interrupt 

transmitted via the signal INTSDI10#. The signal request indicated by the serial interrupt signal INTSDA# 

INTSYNClIO# is furnished by the interrupt receiving block during that particular time slice is masked from the CPU 14. 

132 to the I 2 0 processor 1700 via a PCI INTD# line 1713 if the MASKAsignal is deasserted, or driven low, during the 

of the bus 32. For the purpose of instructing the multiplexing particular time slice, the interrupt request indicated by the 

circuitry 1712 when to transmit another interrupt cycle 1850 ^ serial interrupt signal INTSDA# is masked from the I 2 0 

via the interrupt signals INTSDA#-D#, the interrupt receiv- processor 1700. The MASKB-D signals function similarly 

ing block 132 furnishes a synchronization signal to mask interrupt requests furnished by the signals 

INTSYNC# to the multiplexing circuitry 1712. The falling, INTSDB#-D#. 

or negative, edge of the signal INTSYNC* indicates the ^ shown m mG 97^ a multiplexer 1758 furnishes the 
multiplexing circuitry 1712 should being transmitting time 3S MASKA signal. The select input of the multiplexer 1758 
slice TO of the signals INTSDA*M># on the next positive receives the SL1[2:0] signal. The eight inputs of the multi- 
edge of the CLK signal. plexer 1758 receive inverted IIO_SUB[5:0] signals which 

As shown in FIG. 96, the multiplexing circuitry 1712 are indicative of corresponding bits of the I 2 0 subordinate 

includes four multiplexers 1741-1744 which furnish the register 1728. The signals IIO_SUB[5:0] are connected to 

signals INTSDA#, INTSDB#, INTSDC# and INTSDD#, w me appropriate inputs of the multiplexer 1758 so that when 

respectively. The select inputs of the multiplexers the INTSDA# signal indicates the interrupt status for a 

1741-1744 receive a time slice signal SLICEIN[2:0] which particular slot 36, the MASKAsignal concurrendy indicates 

is used to indicate the time slices T0-T7 of the signals the associated bit of the register 1728 for that slot 36. Three 

INTSDA#-D#. The ENTA-D# interrupt request signals from omer multiplexers 1760, 1762, and 1764 furnish the signals 

the slots 36 are furnished to the inputs of the multiplexers 45 MASKB, MASKC and MASKD, respectively. Similar to 

1741-1744, respectively. the generation of the MASKA signal, the signals IIO_SUB 

The signal SLICEIN[2:0] is furnished by the output of a [5:0] are connected to the appropriate inputs of multiplexers 

three bit counter 1745 that is clocked on the positive edge of 1760, 1762, and 1764 so that the MASKB, MASKC and 

the PCI clock signal CLK The interrupt synchronization MASKD signals indicate the bit of the register 1728 asso- 

signal INTSYNC# is received by a clocked enable input of 50 ciated with the slot represented by the signals INTSDB#, 

the counter 1745. On the negative edge of the signal INTSDC#, and INTSDD#. The multiplexers 1760-1764 

INTSYNC#, the counter 1745 resets to zero (SLICEIN[2:0] receive the signal SL1[2:0] at their select inputs, 

equals zero). The counter 1745 increments the value indi- As shown in FIG. 97C, the interrupt receiving block 132 

cated by the SUCEIN[2:0] signal until the SUCEIN[2:0] a iso includes two multiplexers 1768 and 1770 which furnish 

signal is equal to U T where it remains until the counter 1745 55 two masking signals, HOTS _D and IIOTS_C, used to mask 

is once again reset by the INTSYNC# signal. the INTD# and INTC# signals furnished by the slot interrupt 

As shown in FIG. 97A, for purposes of tracking the time lines of the I 2 0 processor 1700 because the lines 1709 and 

slices T0-T7, the interrupt receiving block 132 includes a 1713 are used to furnish the signals INTSDIIO# and 

three bit counter 1750 that is clocked on the positive edge of INTSYNCIIO#, respectively, to the I 2 0 processor 1700. The 
the CLK signal. The counter 1750 furnishes an output signal 60 select inputs of both multiplexers 1768 and 1770 receive the 

SL1[2:0] which is received by the select input of a 3x8 signal SL1[2:0], and the signal inputs of the multiplexers 

decoder 1752. The decoder 1752 furnishes an eight bit signal 1768 and 1770 receive signals IIOSLOTtSrO] which are 

G_CNTR[7:0] with the asserted bit of the signal G_CNTR indicative of the corresponding bits of the I 2 0 slot register 

[7:0] indicating the time slice of the signals INTSDIIO# and 1730. The signals DOSLOTtSrO] are connected to the appro- 
INTSDCABLE#. 65 priate inputs of multiplexers 1768 and 1770 so that when the 

The INTSYNC# signal is furnished by the output of an INTSDOM)# signals indicate the interrupt status for a 

inverter 1754 that receives the most significant bit of the particular slot 36, the IIOSLOT[5:0] signal selected by the 
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multiplexers 1768 and 1770 concurrently indicate the asso- For purposes of furnishing the INTSYNCCPU# signal, 

ciated bit of the register 1730 for that slot 36. the interrupt output block 114 includes a D-type flip-flop 

As shown in FIG. 97D, six AND gates 1772-1782 are 1822 that is clocked on the positive edge of the CLK signal, 

used to combine the signals INTSDA#-INTSDD# and mask The set input of the flip-flop 1822 receives the RST signal, 

selected interrupt request signals from the CPU 14. The 5 and the signal input of the flip-flop 1822 receives the 

AND gate 1772 receives an inverted ECC_JERR_DOWN# INTSYNCCABLE# signal. The non-inverting output of the 

signal (asserted to indicate an error detected by the chip 48b flip-flop 1822 furnishes the INTSYNCCPU# signal, 

in cable fransmissions) and teWtQ^^OJ.^AISro For of me IN1SD CPU# signal, the 

gate 1774 receives an inverted INTSDA# signal and the . . *\ 4 . , , 11i( . 6 1 , ~ t „. *T 101^ 

MASKA signal. The AND gate 1776 receiver m inverted „ OU ^ 1 bl £ k ^ includes a D-type flip-flop 1S24 

INTSDM signal and the MASKB signal. Hie AND gate 10 ^f. 15 c ° fl n ^ ^ of th u e ^ 

1778 receives an inverted INTSDC# signal, the MASKC input of the flip-flop 18^ receives the RST signal, and 

signal and the HOTS_C signal. The AND gate 1780 ^ in P ut of Aip-flop 1824 receives the INTSD- 

receives an inverted INTSDC# signal, the MASKD signal, CABLE# signal. The non-inverting output of the flip-flop 

and the FJOTS_D signal. The AND gate 1782 receives an 1824 fonnshes the INTSDCPU# signal, 

inverted CAY_INT signal and the G_CNTRL signal. The interrupt requests received by the interrupt receiving 

The outputs of the AND gates 1772-1782 are connected block 114 m furnished to the interrupt controller 1900 

as inputs to an OR gate 1784 which has its output connected either asynchronously or serially. In the asynchronous mode, 

to the signal input of a D-type flip-flop 1786. The flip-flop ^ e interrupt requests are mapped to the four PCI interrupt 

1786 is clocked on the positive edge of the CLK signal, and Kncs (commonly referred to as a "barber poling") on the PCI 

the set input of the flip-flop 1786 receives the RST signal. bus 24 as shown in FIG. 100. 

The inverting output of the flip-flop 1786 furnishes the For purposes of holding the interrupt information pro- 

INTSDCABLE# signal. vided by the INTSDCABLE# signal, the interrupt output 

Four AND gates 1790-1796 are used to combine the bbck 114 includes an eight bit register 1826. All signal 

INTSDA#-D# signals and mask selected interrupt request ^ m P uts receive the INTSDCABLE# signal. The load enable 

signals from the I 2 0 processor 1700. The AND gate 1790 m P uts of bits °~ 7 receive the bits G_CNTR[0]-G__CNTR 

receives an inverted INTSDA# signal and an inverted [ 7 L respectively. Therefore, for example, during time slice 

MASKA signal. Another input of the AND gate 1790 is T4 > bit 3 » loaded with the value represented by the 

connected to the output of a NOR gate 1802 which masks INTSDCABLE# signal. Bits 0 (represented by a INT_A1 

the INTSDA# signal during the time slices TO and 17 30 signal) and 4 (represented by a INT__A2 signal) are mapped 

because no card interrupt requests are include in these time mto a CPUINTA# signal. Bits 1 (represented by a INT_B1 

slices. The NOR gate 1802 receives the bits G_CNTRL[0] signal) and 5 (represented by a INT_B2 signal) are mapped 

and G_CNTRL[7]. The AND gate 1792 receives an mto a CPUINTB# signal. Bits 2 (represented by a INT_C1 

inverted INTSDB# signal and an inverted MASKB signal. signal) and 6 (represented by a INT_C2 signal) are mapped 

Another input of the AND gate 1792 is connected to the 35 mto a CPUINTC# signal. Bits 3 (represented by a INT_D1 

output of a NOR gate 1804 which masks the INTSDB# fgnal) and 7 (represented by a INT__D2 signal) are mapped 

signal during the time slices Tl and T4 because no card mto a CPUINTD# signal. 

interrupt requests are include in these time slices. The NOR Four OR gates 1828-1834 furnish the signals 

gate 1802 receives the bits G_CNTRL[1] and G_CNTRL CPUINTA#, CPUINTB#, CPUINTC#, and CPUINTD#, 

[4], which are provided to the PCI interrupt lines INTA#, 

The AND gate 1794 receives an inverted INTSDC# signal INTB#, INTC# and INTD#, respectively, of the PCI bus 24. 

and an inverted MASKC signal. Another input of the AND The OR gate 1828 has one input connected to the output of 

gate 1794 is connected to the output of a NOR gate 1806 an AND gate 1836. The AND gate receives an inverted CM 

which masks the INTSDC# signal during the time slices T2 signal. The signal CM is furnished by a bit of a configuration 

and T5 because no card interrupt requests are include in 45 register of the bridge chip 26 and is asserted, or driven high, 

these time slices. The NOR gate 1806 receives the bits to indicate the asynchronous mode and deasserted, or driven 

G_CNTRL[2] and G_CNTRL[5]. The AND gate 1796 low » to indicate the synchronous mode. The AND gate 1836 

receives an inverted INTSDD# signal and an inverted also receives the signal INT_A1, the signal INT_A2, and 

MASKD signal. Another input of the AND gate 1796 is a signal ECC_ERR„UP (used to indicate an error in cable 

connected to the output of a NOR gate 1808 which masks 50 transmissions). 

the INTSDD# signal during the time slices T3 and T6 The OR gate 1828 has an input connected to the output of 

because no card interrupt requests are include in NOR gate an AND gate 1838. The AND gate 1838 receives the CM 

e slices. The NOR gate 1808 receives the bits G_CNTRL[3] signal and the INTSDCPU# signal. Another input of the 

and G_CNTRL(6]. AND gate 1838 is connected to the output of an OR gate 

The outputs of the AND gates 1790-1796 are connected 55 1848. The OR gate 1848 receives the ECC ERR_UP signal 

as inputs to an OR gate 1798 which has its output connected and the bit G_CNTR2[]. 

to the signal input of a D-type flip-flop 1800. The flip-flop The OR gate 1830 has one input connected to the output 

1800 is clocked on the positive edge of the CLK signal, and of an AND gate 1840 and one input connected to the output 

the set input of the flip-flop 1800 receives the RST signal. of an AND gate 1842. The AND gate 1840 receives an 

The inverting output of the flip-flop 1800 furnishes the 60 inverted CM signal, the signal INT _JJ1, and the signal 

INTSDIIO# signal. INT_B2. The AND gate 1842 receives the signal CM and 

As shown in FIG. 98, the interrupt output block 114 an inverted bit G_CNTR2[0] (used to provide the "sync" 

includes a three bit counter 1820 of common design with the signal to the interrupt controller 1900 during the serial 

counter 1745. The counter 1820 is clocked on the positive mode). 

edge of the signal CLK, furnishes an output signal 65 The OR gate 1832 has one input connected to the output 

G_CNTR2[2:0], and begins counting from zero to seven of an AND gate 1844 and one input receiving the CM signal, 

after being reset by the INTSYNC# signal. The AND gate 1844 receives an inverted CM signal, the 



6,032,271 

111 112 

INT__C1 signal, and the INT_C2 signal. The OR gate 1834 12. The apparatus of claim 9, wherein the fault condition 

has one input connected to the output of an AND gate 1846 includes a bus hang condition. 

and one input receiving the CM signal. The AND gate 1846 13. The apparatus of claim 9, wherein the bus watcher 

receives an inverted CM signal, the INT_J)1 signal, and the includes a bus timer adapted to monitor the bus to detect the 

INT_D2 signal. 5 fault condition. 

Other embodiments are within the scope of the following 14. The apparatus of claim 13, wherein the bus watcher 

claims. For example, the bus watcher can be located on a includes a bus hang register adapted to indicate the fault 

host bus, an ISA bus, or an EISA bus. The devices need not condition in response to the bus timer reaching a predeter- 

be connected to the same bus. mined value. 

What is claimed is: 10 15 The apparatus of claim 9 w h er ein the bus watcher is 

1. A computer system, comprising: adapted to place the bus in an idle condition in response to 

a bus; detecting the fault condition. 

a plurality of devices coupled to the bus; 16. The apparatus of claim 15, wherein the bus watcher is 

a bus watcher adapted to detect a fault condition associ- 15 adapted to place the bus in the idle condition by asserting a 



ated with the devices; and stop ; 

a fault isolation controller adapted to electrically isolate 17 • A method for detecting fault conditions in a computer 

the devices in response to the fault condition, couple a system having a plurality of devices coupled to a bus, 

subset of the devices to the bus, the subset including a comprising: 

selected device and at least one other device from the 20 detecting a fault condition associated with the devices; 

plurality of devices, and test the selected device using electrically isolating the devices in response to the fault 

a bus transaction. condition; 

2. The computer system of claim 1, wherein the selected , t , 

device includes a configuration space, and the bus transac- cou P lm S a subset of me devices to the bus > lhe ***** 

tion performs at least one of a read and a write to the 25 including a selected device and at least one other device 

configuration space. from the plurality of devices to the bus; and 

3. The computer system of claim 1, wherein the fault testing the selected device using a bus transaction, 
isolation controller identifies all devices in the subset of 18. The method of claim 17, wherein testing the selected 
devices as faulty devices in response to the bus watcher device includes at least one of reading and writing to a 
detecting the fault condition following the bus transaction. 30 configuration space of the selected device. 

4. The computer system of claim 1, wherein the fault 19. The method of claim 17, further comprising identi- 
condition includes a bus hang condition. tying all devices in the subset of devices as faulty devices in 

5. The computer system of claim 1, wherein the bus response to detecting the fault condition following the bus 
watcher includes a bus timer adapted to monitor the bus to transaction 

detect the fault condition. 35 2 0. The method of claim 17, detecting the fault condition 

6. The computer system of claun 5, wherein the bus a bus h 

watcher includes a bus hang register adapted to indicate the .„ . c . . . . . . . , 

e .... 0 . , ,. 21. The method of claim 17, wherein detecting the fault 

fault condition in response to the bus timer reaching a . . , , , 

predetermined value. condition includes timing activity on the bus to detect the 

7. The computer system of claim 1, wherein the bus 40 condition 

watcher is adapted to place the bus in an idle condition in . ™ e method °[ claun 21 ■ wherem to™* actmtv 

response to detecting the fault condition. f cladss tUTlm S , the bus using a bus timer, and 

8. The computer system of claim 7, wherein the bus detect ^8 the fault «»*t»<» ^ther includes storing a bus 
watcher is adapted to place the bus in the idle condition by han S fla & V t0 md »!= a,e me i auU cond > ho ! 1 m 
asserting a stop signal. 45 res P onse t0 me bus tuner "aching a predetermined value. 

9. An apparatus for detecting fault conditions in a com- u »■ ^ m ?? od 17 ' further P ,a « n g 
puter system having a plurality of devices coupled to a bus, bus in an idle condition in response to detecting the fault 

* * condition. 

* _ t „ . . 24. The method of claim 23, wherein placing the bus in 

a bus watcher adapted to detect a fault condition associ- me id]e eoa ^ km deludes asserting a stop signal, 

ated with the devices; and 50 



25. An apparatus for detecting fault conditions in a 



a fault isolation controller adapted to electrically isolate computer system having a plurality of devices coupled to a 

the devices in response to the fault condition, couple a 5^ comprising: 

subset of the devices to the bus, the subset including a meaQS for a fauk ^ ^ 
selected device and at least one other device from the devices- 
plurality of devices, and test the selected device using 55 * , , . 

a bus transaction means for electrically isolating the devices in response to 

10. The apparatus of claim 9, wherein the selected device ^ fault condition i 

includes a configuration space, and the bus transaction means for coupling a subset of the devices to the bus, the 

performs at least one of a read and a write to the configu- subset including a selected device and at least one other 

ration space. 60 device; and 

U. The apparatus of claim 9, wherein the fault isolation means for testing the selected device using a bus trans- 
controller identifies all devices in the subset of devices as action, 
faulty devices in response to the bus watcher detecting the 

fault condition following the bus transaction. ***** 



